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The papers printed here have been arranged in the sequence of their presentation. 
As the contributions to a symposium generally vary considerably in technical and 
scientific standard, the editors have been obliged to make some technical correc-
tions and changes to the manuscripts, but they have not altered the contents of the 
papers. 
The English of the manuscripts has been revised by Mrs. Anna A. Damström, 
M. A. 
For the sake of uniformity, many figures have been redrawn by Miss Anneli 
Niemi at the Institute of Marine Research, Helsinki. 
Unfortunately it was not possible to include the discussions that followed the 
papers. The reasons for this were chiefly economic; the discussion material was 
extremely extensive, and it would have been difficult to make a fair selection from 
the various contributions. Moreover, their scientific level was very uneven and the 
preparation of the material for printing would have caused an undue delay in the 
publication of the Proceedings. 
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OPENING ADDRESS 
Ladies and Gentlemen 
Our symposia and our organization, the Baltic Marine Biologists, are of rather 
recent origin. The First Baltic Symposium on Marine Biology was held in Rostock 
in September 1968, where the Committee of the Baltic Marine Biologists was formed, 
with members from all seven Baltic Sea countries. This Committee met at Tvärminne 
Zoological Station in May 1970 and decided that in future Baltic Symposia on Marine 
Biology should be held every second year, alternating with the conferences of the 
Baltic Oceanographers. The Second Baltic Symposium on Marine Biology was 
held in Stockholm in June 1971. 
The Rostock symposium was attended by 80 persons, the Stockholm symposium 
had 120 participants and now, when we are gathered for the third time, we have 
received 180 registrations. This is a remarkable development for an association 
which operates with only a minimum of by-laws and regulations and collects no 
membership fees. In the periods between the symposia the work of the Baltic Marine 
Biologists, or, to use an abbreviation, the BMB, is carried out by the BMB Commit-
tee, which has members from all the countries adjoining the Baltic. The Chairman 
of the BMB Committee, Professor Ernst Arndt, is unable to attend our symposium 
as he is at present visiting professor at the University of Basrah, Iraq. He has, how-
ever, sent his best wishes for the success of our symposium. The BMB have also 
established working groups for the development and intercalibration of research 
methods. Six such working groups have been active in the period between the second 
and the third symposium and a seventh one was established last winter. A fort-
night ago two of the working groups met at Studsvik in Sweden for a week at work-
shops arranged by the Askö laboratory. Thus in spite of their seemingly loose or-
ganization the Baltic Marine Biologists have performed a considerable amount 
of work during the last two years. 
Biologists and hydrographers have for many years been deeply aware of the 
alarming load of pollutants that is being discharged to the Baltic Sea. Recently a 
promising development has taken place at the political and diplomatic level for the 
protection of the marine environment of the Baltic. At the UN Conference on prob-
lems of the environment held last year in Stockholm, the government of Finland 
expressed its intention to invite the Baltic Sea states to a conference on the marine 
environment as soon as this would be possible. Now the various obstacles have been 
removed and the invitation of the Finnish government has been favourably received 
by all the Baltic Sea countries. A meeting of government experts for the preparation 
of the Baltic Sea Conference on the Marine Environment was held here in Helsinki 
the week before last. The seven participating official delegations unanimously rec- 
2 19913-74 
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ommended that a -working group should meet next November here in Finland to 
prepare a text for a convention that can serve as a basis for a comprehensive system 
of protection for the Baltic Sea. It was further decided that a Baltic Sea Conference 
on the Marine Environment should be convened here in Helsinki before 1 April 
1974. This conference is intended to take an overall approach to the problem and 
agree upon a convention. The convention will apparently mainly deal with the 
legal and administrative aspects of the protection of the Baltic Sea environment, 
but scientific and technical considerations must form the foundation on which the 
administrative measures are based. The results of this recent conference of experts 
are really promising but they also make great demands upon the scientific world, 
which will in future be responsible for providing and interpreting the necessary 
background data to be used in making the decisions on the protection of the Baltic 
Sea. You will find among your papers a memorandum by Prof. Ilmo Hela regarding 
our role in assisting the ICES/SCOR working group on the Study of the Pollution 
of the Baltic. 
The two topics chosen for our present symposium fit well into this pattern. 
They are, as you know: »Production, food webs, and ecological models of the Baltic» 
and »Indicator organisms/communities of different environments in the Baltic». 
The papers which will be presented during the first three days cover many aspects 
from pure science to applied investigations. The fourth day will be devoted to reports 
of the BMB working groups. 
We know, all of us, that the Baltic Sea is a unique area from the ecological point 
of view and that for comparisons we must largely rely on results from other parts 
of the Baltic. This makes intimate collaboration between Baltic Sea biologists more 
necessary than in general between marine biologists. On the other hand, investi-
gations in other brackish water areas and in estuaries may help to elucidate ecological 
and physiological features which are more difficult to study in our area. We are 
glad to have among us a representative for the Estuarine and Brackish-Water Sciences 
Association, Dr. Barnes, and hope that a lasting and mutually beneficial relationship 
will arise between our associations. 
I have the pleasure on behalf of the organizing committee to wish you all heartily 
welcome and to declare this well-attended symposium opened. 
Helsinki, 11 June 1973 
Hans Luther 
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INTERACTION BETWEEN THE COASTAL ZONE AND 
THE OPEN SEA 
Artur Svansson 
Fishery Board of Sweden, S-400 40 Göteborg, Sweden 
Ekman's theory of wind-driven ocean circulation is summarized in the section 
»Theoretical considerations», which also presents the concepts of barotropic 
and baroclinic Kelvin waves and thermal bars. Attention is focused on the 
problem of coastal entrapment with its implications for pollution. The up-
welling areas of a) the oceans, b) the Great Lakes and c) the Baltic are treated, 
and a short description is given of the existing models of the Baltic. 
This article aims primarily at a better understanding of the problems, mainly the 
physical ones, of the interaction between the open waters of the Baltic and its coastal 
zone. But reference will also be made to conditions in the oceans, since this may 
prove helpful, in particular as regards the important concept of upwelling. 
Comparison will also frequently be made with the Great Lakes in North America. 
The results of the investigations performed in these lakes are very interesting to 
Baltic scientists, since 
a. the sizes of the various lakes are approximately the same as those of the Both-
nian Bay, the Bothnian Sea, the Gulf of Finland, the Arkona Basin, etc. and 
b. reports of numerous theoretical and experimental investigations are given 
at regular conferences every year, for which »Proceedings» are published. 
BIOLOGICAL SIGNIFICANCE 
The production of organic matter in the sea is limited to the surface layers, where 
the supply of radiant energy is sufficient to permit photosynthesis. Since the vertical 
distribution of the nutrient elements on which the process also depends, usually 
shows marked depletion in the surface layers and much higher concentrations below 
the pycnocline, regions of high productivity are found where the upward vertical 
transfer from this reservoir of nutrients is most effective. The exchange between near-
surface and deeper waters takes place most commonly 
a. in high latitudes 
b. along the equator and 
c. in coastal regions owing to upwelling, usually along eastern coasts. 
12 
Productivity is also favoured by a shallow thermocline, since the mixed layer 
then usually lies above the »critical depth», a condition essential for maximal de-
velopment of phytoplankton populations (Sverdrup 1953, Wooster & Reid 1963). 
_ For good secondary production many fish species need suitable spawning grounds, 
which are found only in shallow water. 
Various possibilities of coastal entrapment will be described in this article. This 
phenomenon may have both favourable and harmful effects on the aquatic biota. 
In the oceans conditions are usually favourable but in small »mediterranean» seas 
and lakes the optimum may easily be passed and the results become unfavourable. 
This is especially the case if pollution, chemical, thermal, etc., is trapped in the coastal 
zone. A good account of the production of the ocean can be found in the FAO 
Atlas (Anon. 1972). 
° sjå ° 
,Hävringe  
® OThetis 	 V'~j~' 
Västervik  
Vishy 
/ 	 X 
% 
ANCHOR STATION AUG. 1T6a 
55 	) 	 `O 
	X CURRENT MEASUREMENTS 1939 
JJH~. Bight 
54° 
12' 	 14 	 20° 	 24 
Fig. 1. Map of the Baltic proper with stations and names mentioned in the article. 
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HOMOGENEOUS WATER CONDITIONS 
Ekman's theory of wind-driven ocean currents. The work of V. W. Ekman (1905) 
provided a basis for understanding the effect of wind stress on ocean circulation. 
He showed that, owing to the effect of the Earth's rotation and frictional forces, 
in a steady state the net transport of water due to wind stress is directed 90° to the 
right of the wind in the Northern Hemisphere (NH) [(90° to the left in the Southern 
Hemisphere (SH)]. 
When the direction of a wind has a certain relation to a coast, the wind-driven 
transport will cause a sea level difference perpendicular to the coast. This difference 
(gradient) will give rise to a gradient current along the coast. In a bottom friction 
layer compensation occurs for the wind-driven transport perpendicular to the coast. 
The most effective wind direction is apparently an alongshore one; if the coast is on 
the left of the wind (in the NH), upwelling will occur at the coast. This theory, how-
ever, is only applicable when the depth is greater than twice the so-called Ekman 
depth. This depth, which is dependent on friction and latitude, may be roughly 40 m 
in the Baltic. If the coastal zone is shallow, there is not room for three currents (pure 
wind current, gradient current and bottom current). If the depth is of the order of 
10 m, an off-shore wind is more effective in producing upwelling than an alongshore 
one. 
Ekman (1905) also gave a solution for an enclosed sea with constant depth. 
In this case the surface wind transport continues in the same horizontal direction 
until it hits a coast. There it dives and returns in the counter direction. When the 
sea has depths increasing steadily from the coast to the middle of the sea, compen-
sation usually occurs beside instead of under the wind transport. Alongshore the 
total transport (wind + gradient + bottom transports) is usually in the direction 
of the wind, but it may be in the opposite direction in the open sea. See Fig. 2 for 
the case when the coastal zone is relatively deep. 
Fig. 2. Schematic representation of circulation 
in a cross section of a homogeneous sea. The 
wind is blowing away from the reader and 
gives rise to pure wind transports, 90° to the 
right (NH) of the wind in the surface layers. 
This transport causes sea level gradients in the 
vicinity of the coast thus creating deep cur-
rents in the direction of the wind. In the open 
sea there is counter transport below the surface, 
adjusted to the sea level gradient. 
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Barotropic Kelvin waves. A long wave influenced by the deflecting Coriolis force 
but nevertheless without transversal velocities is called a barotropic Kelvin wave 
(conditions in unstratified water are called barotropic, in stratified water, however, 
baroclinic). The width of a barotropic Kelvin wave is of the order of some hundreds 
of kilometres. There is reason to believe that a coastal wind disturbance may also 
be of this size. In the Baltic, which has approximately this width, we cannot call 
such a wave a coastal wave, but should rather speak of the wave travelling through 
the Baltic channel. Svansson (1972) computed meteorological transport and sea 
level effects in the Baltic with a one-dimensional model. The sea levels on each side 
were computed by means of a transversal equation, the deflecting Coriolis force 
and the transversal sea level gradient being assumed to balance each other. The 
model may be described as a barotropic channel model in which barotropic Kelvin 
waves play a substantial role. 
The period of a progressive wave (opposite of a standing wave) is that of the 
driving force. The tidal wave along Great Britain (Defant 1961: 365) and the tidal 
wave in the Kattegat (Svansson 1972) are examples of barotropic Kelvin waves 
with tidal periods. 
Barotropic circulation. The Kelvin wave concept is a simplification, even for the 
Baltic. For example, Walin (1972a) has shown that (barotropic) circulation along 
isobaths is an important feature in a closed sea like the Baltic. Cf. p. 21 below. 
STRATIFICATION 
Most lakes and seas are more or less stratified. A summer thermocline is a general 
feature. In the Baltic proper there is also a permanent halocline between 60 and 80 
m (see e.g. Fig. 4). At the mouths of rivers in the coastal areas the water often has 
a different density from that of the lake or the sea. 
As mentioned above, conditions in stratified waters are called baroclinic. How-
ever, we may also investigate the barotropic »modes» in stratified waters because 
in certain respects the sea acts as if the water were homogeneous. 
Whereas barotropic waves travel with a velocity proportional to the square root 
of the depth of the sea (if depth = 50 m, vel. = 90 km/hr), baroclinic (internal) 
waves travel nearly two orders of magnitude slower (1: 50 is the ratio often used). 
Whereas barotropic waves in enclosed seas travel rapidly enough to hit the boundary 
coast, be reflected and together with the original wave form standing waves (baro-
tropic seiches), the internal waves need much more time before they can build up 
corresponding features. The driving forces, which are generally of meteorological 
origin, usually shift rapidly in the Baltic region in comparison with the velocity of 
internal waves. 
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Baroclinic Kelvin waves. If we return to a Kelvin wave but now consider an 
internal one, we learn that owing to their much lower speed internal waves are re-
stricted to a much narrower strip along the coast. Actually the strip is of the order 
of 5 km, or again 1/50 of the width of a barotropic Kelvin wave [Rossby (1938) 
called this width the »radius of deformation»]. Cf., however, Yoshida (1967). 
Examples were given above (p. 14) of places where there are barotropic Kelvin 
waves with tidal periods. Theoretically, at least, we may expect baroclinic Kelvin 
waves with tidal periods along the same coasts. Progressive Kelvin waves rotate 
counterclockwise in a basin but clockwise round an island. 
Poincare waves. Mortimer (1967) considered the internal wave pattern in the Great 
Lakes to consist of Kelvin waves near the shore but of standing Poincare waves 
in the open water. Poincare waves consist of a cellular pattern of standing waves 
with a near-inertial period. This period depends upon the Coriolis parameter, which 
means that it is latitude-dependent (latitude 30°: inertial period = 24 hr, 55°: 14.7 
hr, 60° : 13.9 hr, 65° : 13.3 hr, 90° : 12 hr). 
THERMAL BAR 
Tikhomirov (1963) demonstrated this phenomenon for Lake Ladoga. In spring 
and autumn, when there are areas of water with temperatures both above and below 
the value of maximum density (4° C in a lake), vertical circulation induced at the 
boundary between these two water masses by production of denser water may di-
minish the mixing between them. 
ACTUAL SEA CONDITIONS 
UP WELLING 
Ocean upwelling. A summarizing article on this subject has been published by 
Smith (1969). Most of the theories are of barotropic character. Wooster and Reid 
(1963), using Hidaka's (1958) seasonal mean wind stress charts of the world oceans, 
plotted the Ekman transports (called an Ekman index) away from the coasts at 5° 
latitudinal intervals along the eastern boundaries of the oceans for each season. 
They found that: 
a. the maximum values are usually observed in the spring or summer, with the 
exception of the distinct winter maximum for the Peru Current region north of 
30° S. 
b. The maximum values for the index are in the Southern Hemisphere. The 
smallest values are off the West Coast of North America. 
c. The index predicts upwelling off the West Coast of Australia but this does 
not seem to occur. Indeed the Indian Ocean is anomalous. The upwelling is most 
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intense off the east coasts, i.e. the south-east Arabian coast and the Somali coast, 
where the index predicts upwelling during the summer monsoon. 
A project called CINECA (Cooperative Investigation in the Northern part of 
the Eastern Central Atlantic) has been drawn up to investigate all the oceanographic 
aspects of an area where upwelling is a very important feature, for the period from 
1970 onwards. 
Baltic. The wind may give rise to Kelvin waves along all the coasts of a basin and its 
islands. However, by those coasts which have a favourable direction for (Ekman) 
upwelling in relation to the wind, this phenomenon may be so strong that there 
are no longer two layers of water but only upwelled deep water. As far as the present 
author knows, no satisfactory theory has yet been proposed to explain this case. 
Walin (1972b), who was the first to point out the importance of the internal Kelvin 
wave concept for Baltic shore zone problems, suggested that the transport of nutri-
ents from the lower strata of the Baltic might rather occur through upwelling in-
stead of through vertical exchange across the halocline, as is traditionally assumed 
(Steele 1956, Svansson et al. 1962). 
Fig. 3 shows upwelling in the Hanö Bight. Close to the coast a lens of upwelled 
water of high salinity extends down to approximately 20 m. Actually the upwelling 
occurred some days before the measurements and is in process of disappearing as 
it mixes with surface and river water. 
Figs. 4 and 5 show conditions along a transect between Västervik on the Swedish 
mainland and Visby on the island of Gotland (see Fig. I. for position), one figure 
showing the situation in summer and the other in winter. In both there is clear 
upwelling along the coast of the Swedish mainland. Measurements were made along 
this transect on about 20 occasions, and upwelling was observed on about half of 
them. The situations have not been analysed in relation to wind conditions. 
An investigation was made of the connection between the wind direction and 
catches of migrating eels on a coast in the Hanö Bight. In order to get rid of the 
influence of the varying phases of the moon, only 5 days around the new moon 
were used. The coast at which the catch statistics were collected had a roughly north-
south trend. Fig. 6 shows that an alongshore wind (southern) gives the best fishing. 
There is no clear explanation of this result; it might be sought in terms of upwelling, 
coastal currents, etc. Otterlind (pers. comm.) considers that the fishing of herring 
is also improved along the Swedish Baltic coast if the wind comes from the 
south. 
Westerberg (1971) made an investigation intended to reveal how primary pro- 
•duction (in the Hanö Bight) was affected by upwelling along the coast. Unfortunately 
high pressure with weak winds prevailed during most of the period. Current meas-
urements were also made during the investigation and one of Westerberg's figures 
shows how during a fortnight westward currents prevailed off shore (15 km from 
the coast) but southward currents (alongshore) were found at two positions 2 and 
5 km from the coast. 
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Fig. 3. Evidence of upwelling in the Hanö Bight. 
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KELVIN AND POINCARE WAVES IN THE BALTIC 
Inertial periods are repeatedly found in the Great Lakes and in the Baltic, Currents 
with inertial periods were reported in the Baltic as early as in the thirties (Gus-
tafsson & Otterstedt 1932). Gustafsson and Kullenberg (1936) demonstrated what 
is probably the sum of an inertial current and a barotropic current in the longitudinal 
direction of the Baltic. During the International Baltic Sea Programme in August 
1964, data of temperature, salinity and currents were collected at least every second 
hour during a fortnight at approximately 10 anchor stations. Fig. 7 shows the va-
riations in temperature at approximately thermocline level at the position of R/V 
Thetis and the position of the lightship Hävringe. Rather great differences are 
evident between these two series of measurements, but it is difficult to say whether 
the difference is a »coast-open sea» one. Kielman et al. (1969) analysed the power 
spectrum energy of the currents measured at R/V Thetis. It was found that the energy 
is concentrated at the inertial frequency and also at a period of 27 hours (seiche period 
of the closed Baltic proper). Considering the whole material of the spectrum analysis 
of all the anchor stations, these authors state »the inertial oscillations which occur 
as marked wave groups have no significant coherences between different positions, 
being separated by several 100 km, but high coherences occur between different 
depths at the same position». Inertial currents can also be found in the Bothnian 
Sea, see Fig. 8. Measurements carried out simultaneously at 40 m and 75 m did 
not reveal such oscillations, at least when judged with the naked eye. 
Gustafsson and Otterstedt (1932) were puzzled by the fact that no inertial periods 
were found in the time series of the sea levels. Kullenberg and Hela (1942) demon-
strated with material collected by international cooperation in the Baltic in 1939 
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Fig. 7. Variations of temperature and sea level revealed by measure- 
ments made during the International Baltic Cooperation in August 
1964. 
that there were no inertial currents at a station near to the Latvian coast. Although 
there is good evidence that inertial movement is a characteristic feature of the open 
sea and does not exist in the shore zone, there is much less evidence of the occur-
rence of internal Kelvin waves along the coasts of the Baltic and the Great Lakes. 
BAROTROPIC CIRCULATION IN THE GREAT LAKES 
Mortimer (1967) gives a series of current circulation pictures for the two longi-
tudinal wind directions in winter and in summer. As described above, the currents 
alongshore have the same direction as the wind, while in the open water there are 
circulating currents. Below a depth of 50 m the circulation always seems to be counter-
clockwise. 
Current Speed N-Comp. 
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Fig. 8. Current variations, probably relating to inertial currents, in the north of the Bothnian Sea. 
THERMAL BAR 
Roger (1965) found that thermal bars seem to be a normal feature of the Great 
Lakes. As spring heating progresses, nearshore waters heat up to 4° C earlier than 
deeper central regions. As heating progresses, the thermal bar moves toward the 
middle of the lake like a contracting cylinder. 
To the knowledge of the present author, the concept of a thermal bar has not 
been investigated in the Baltic. First we note that the temperature at maximum 
density, tm, is lower in the Baltic than in a lake (S = 3 0/ o , tm = 3.3 °C; S = 5 °/ 0O,  
tm = 2.9° C; S = 7 0/ 00, tm = 2.5° C and S = S 0/o  o, tm = 2.3° C). According to 
Lenz (1971), the central parts of the Baltic proper have temperatures below 2.5° C 
in the period February—April. So we can anticipate that bars will form in January 
(coastal temperatures probably below 2.5° C) and April (coastal temperatures prob-
ably higher than 2.5° C). The following results from the Hanö Bight hint at the 
existence of a thermal bar: 
a. About 15 measurements made in surface shore water during December 1972, 
when a thermal bar should not be expected, gave a meantemperature (temp) of 
5.2° C, and a mean value for total phosphorus (TP) of 0.75 microgramatoms/litre. 
b. Approximately 15 measurements of surface shore water during January 1973 
gave temp = 0.9° C and TP = 1.15 microgramatoms/litre. In this period the tem-
perature was measured once in the open sea and was 4.2° C. 
22 
cm/s 
20 
I6 
I2 
8 
•4 
0 
-4 
8 
12 
16 
20 
12' 20' 
23 
24' 
6
. 
 
I 
r 	 1  \r' 
4,1) (i" \ 	 11 
/ 	 1 
1 	 ) 
	
s% 	 50 m 
12' 	 16' 	 20 	 2G' 	u.  
Fig. 9. Bathymetric chart of the Baltic proper with the isobaths of 25 m and 50 m in heavy dashed 
and solid lines, respectively. 
APPLICATIONS 
COASTAL ENTRAPMENT 
Let us assume that the coastal zone in the Baltic proper has a minimum width 
of 5 km, corresponding to the summer thermocline radius of deformation, and 
extends out to the 60-m isobath, where the halocline occurs. (In the southern Baltic 
the depth of the halocline is slightly less than 50 m, whereas in the Gulf of Bothnia 
there is practically no halocline.) Fig. 9 shows the Baltic proper and particularly 
the 25-m and 50-m isobaths. Fig. 10 shows the Gulf of Bothnia with the 25-m iso-
bath treated in the same way. In this coastal zone we may have (in contrast to what 
we have in the open sea): 
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Fig. 10. Bathymetric chart of the Gulf of Bothnia (inserted: the Gulf of Finland) with the 25-m 
isobath in heavy dashed lines. 
a. Upwelling 
b. Internal Kelvin waves 
c. Strong coastal currents (jets) due to a. and b. 
d. Different temperature conditions at some times of the year owing to smaller 
water depth. The coastal zone may be separated from the open sea by thermal bars. 
e. Earlier start of the primary production because the critical depth is reached 
earlier than in the open sea. 
f. Different type of primary production owing to the supply of nutrients and 
toxins from the land and from upwelled water. 
g. Special sedimentary conditions, etc. 
Some of these special conditions might act as trapping mechanisms and give 
rise to higher concentrations of, e.g., pollutants. Csanady (1971) made measurements 
during 3 weeks of Rhodamine B released continuously into Lake Huron. He later 
gave a lecture at a symposium arranged by ICES, in Aarhus (Denmark) in 1972, 
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Fig. 11. Variations of salinity, yellow substance and total phosphorus measured at a station off 
the coast in the Hanö Bight. 
on »the physical processes responsible for the dispersal of pollutants in the sea with 
special reference to the nearshore zone». Speaking of the difficulties in applying 
diffusion models to the coastal problems, he said: 
In modelling theoretically the concentration field of a continuous source, discharging effluent at 
the shore of an ocean or large lake, one usually assumes a temporally steady and spatially uniform 
current. Turbulent movements superimposed on a constant current velocity are then supposed 
responsible for turbulent mixing. In reality, however, the »mean» current is neither steady nor uni-
form for long periods or for large regions and the important question arises what happens when the 
current regime changes. 
Suppose that, as is frequently the case, the (nearly) uniform mean current is shore-parallel and 
that its typical duration is 100 his, while its typical speed is 10 cm/s. A batch of pollutant then travels 
36 km along the shore before the current regime typically changes, creating an »influence zons» of 
this magnitude for the pollutant. Suppose now that the current reverses direction by 180°: will the 
pollutant-plume travel back past the discharge again, to create even higher concentrations? Fortunately, 
from the point of view of water pollution control, the answer is that pollutants are swept out to 
sea during such current reversal episodes. 
This is rather surprising, since it would mean that the situation as regards pol-
lution would not be most favourable when there was strong upwelling but when 
the upwelling ceased. More investigations are needed to verify this statement. 
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Fig. 11 shows measurements of salinity, total phosphorus and absorption at 
375 nm made approximately three times a week at a shore station in the Hanö Bight. 
The data have not yet been analysed in relation to the wind, but the data for March 
and April seem to be similar to those reported by Csanady (1971). However, in Jan-
uary and February the conditions are special owing to the existence of ice. It is well 
known that turbulence is strongly decreased under an ice cover, but little seems to 
have been published about the differences between the coastal zone and the open 
sea in this case. 
MODELS 
One very important branch of oceanography and limnology works with theoret-
ical models, which are intended to elucidate natural parameters and permit pre-
dictions. Svansson (1972) made a simple advection-diffusion model for the »Baltic 
canal», to compute salinity variations. Sjöberg et al. (1972) made a 2-box model of 
the Baltic taking account of a large number of chemical and biological parameters and 
their interrelations. This work was initiated by Fonselius (1969) and Bolin (1971), 
who made steady-state box models, and also by Jansson (1972). 
To the author's knowledge there is no satisfactory model that can deal with all 
the coast-open sea problems presented in this article. Models are being constructed 
to compute the extension of thermal plumes from heat-generating plants in Sweden 
(Milanov 1973), but it has not yet been possible to include all the complicated prob-
lems. 
RIVER WATER 
Unfortunately the study of the spreading of river water at the point where the river 
enters a lake or the sea has been reviewed too little in this article. It was more difficult 
than expected to find relevant literature on this important subject. Careful study 
off the mouth of a large river situated at a good distance from other large rivers 
would supply valuable knowledge of coastal entrapment, coastal currents, etc. 
CONCLUSIONS 
In this article some features of the interaction between the coastal zone and the 
open sea have been reviewed. These features have been studied rather extensively 
in the open oceans and the Great Lakes in North America but apparently not so 
much in the Baltic. Although the open-sea feature of inertial currents was observed 
in the Baltic as early as in the thirties and typical open-sea barotropical computations 
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of many kinds have been successfully performed, concepts like coastal internal 
Kelvin waves, coast-parallel currents and thermal bars have not appeared very much 
in Baltic scientific literature. Future investigations should be designed to reveal 
whether these phenomena are of importance in the Baltic coastal zones. Further, 
upwelling may not only be of local coastal importance, but contribute considerably 
in transporting nutrients from lower layers to the surface zone throughout the Baltic. 
There are probably abundant data from the coastal zone in each of the countries 
adjoining the Baltic (see e.g. Wändahl et al. 1973, for the Swedish coastal zone). 
If it has not already been done, it would be very interesting to process them in terms 
of upwelling, coastal entrapment, internal Kelvin waves, etc. In future, the Baltic 
countries could cooperate in an investigation aimed at describing the open sea 
conditions as accurately as possible during a certain period, while each country 
could also take the opportunity to perform extensive measurements in its own 
coastal zone. Such cooperation may result from the present planning of the SCOR/ 
ICES Working Group on Baltic Pollution. 
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ON PRIMARY PRODUCTION IN THE BALTIC 
Wolfgang Kaiser and Sigurd Schulz 
Akademie der Wissenschaften der DDR, Institut fur Meereskunde Warnemunde, 
253 Warnemunde, DDR 
The commencement of phytoplankton development in spring depends on the 
nutrient supply, the solar radiation and the stability of the water masses. The 
amount and length of the outburst is controlled by further environmental 
factors — meteorological, physical and chemical. Conditions become favourable 
for the phytoplankton bloom in March in the Western Baltic, the Arcona Sea, 
the Bight of Odra and the Gdansk Deep. At this time in the Bornholm and 
Gothland Sea, stratification has not yet developed in the euphoric water masses 
and thus the spring outburst of phytoplankton commences later. Between the 
middle of April and the beginning of May in the Arcona Sea, the rates of 
primary production decrease rapidly owing to the depletion of nutrients. 
During the bloom the main part of the phytoplankton is sedimented as detritus, 
while in the following period an increasing part is grazed by developing zoo-
plankton. In summer the production rates rise and a state of balance is reached 
between the carbon assimilation, phytoplankton biomass and zooplankton, 
which is characterized by intensive carbon assimilation, high zooplankton 
grazing and low phytoplankton biomass. In autumn a secondary bloom arises, 
if the thermocline is destroyed by wind-caused turbulence and solar radiation 
is sufficient. 
Owing to the variation of the meteorological, physical, chemical and bio-
logical environmental factors, the amount of carbon assimilated annually can 
fluctuate markedly. The particular importance of influxes of salt water for 
the primary production and the whole ecosystem is shown. The differences in 
the annual amounts of assimilated carbon make it impossible to give a mean 
value for the whole Baltic. 
The phytoplankton in the Baltic Sea varies with the time and place, depending 
on numerous environmental factors — meteorological, hydrographical, chemical 
and biological. A typical annual pattern can be distinguished in the fluctuations of 
the algal biomass and the primary production. The winter minimum for these two 
parameters is followed by an increase in the rate of photosynthesis, due to improved 
light conditions in the early spring, which leads to a sudden increase in the phyto-
plankton biomass. The start of this development is directly dependent upon three 
factors. These are the total sum of radiation penetrating into the water, the amount 
of nutrients available and the stability of the water column. Other factors, such as 
temperature, wind, salinity, horizontal and vertical currents, etc have an indirect 
'It 
effect on the algal community through the three first-mentioned factors. The wind, 
for example, can disturb the stratification of the water column, thus shortening the 
time in which the algae remain in the water layers near the surface and delaying their 
vernal pulse, although the light conditions are good. This was the reason why the 
plankton bloom occurred two weeks later in March, 1970, than in 1969, although 
the hours of sunshine were almost twice as many. The temperature also affects the 
development of the spring bloom by controlling the stability of stratification. 
This spring maximum is limited mainly by the nutrient supply. The question of 
whether phosphates or nitrates are controlling in nature has not yet been settled. 
Little is known of the importance for the spring bloom of trace elements and of 
the metabolites excreted by the algae. 
The spring bloom comes to an end in the Arcona Sea towards the beginning of 
May. The production rates increase slightly in the course of the summer. An equilib-
rium is reached between the assimilation of carbon, the phytoplankton biomass and 
grazing by zooplankton. This condition is characterized by intensive assimilation 
of carbon and intense grazing by the zooplankton. Although nutrients can scarcely 
be found in the upper layers of the water during this season, an intensive »turn-
over» must provide the phytoplankton with sufficient food. The Cyanophyceae 
predominating at this time are certainly also of importance in the nutrient economy. 
Although exact figures cannot be given, the coefficient of the transfer of energy 
from the phytoplankton to the zooplankton is almost certainly considerably larger 
during the summer months than at the time of the phytoplankton bloom in the 
spring. The carbon assimilation to chlorophyll ratio (= production index) is also 
higher during the summer. For example, a production index value of 0.79 was 
recorded in the Bornholmsgat at a depth of 5 m in April,'1972, whereas an index 
of 1.26 was observed at the same station in August, 1972. 
An autumn bloom can occur towards the beginning of October, when the thermo-
cline has been destroyed by wind in the autumn, but it is not so intense as the spring 
bloom. 
Variations are also observed during the course of the year in the species com-
position of the phytoplankton and the proportions of the various algal groups. 
Diatoms, which are mainly responsible for the vernal bloom, predominate in the 
spring. These are followed by a series of Peridineae, which, however, produce only 
small populations. The summer plankton consists mainly of Cyanophyceae, whereas 
diatoms and Peridineae predominate again in the autumn. Sometimes the u-algae 
can evidently play an important role in the phytoplankton, for example, in autumn, 
1969, in the Gothland Sea. The seasonal occurrence of numerous species is dependent 
upon, among other things, the local hydrographical conditions. 
Apart from these seasonal differences, pronounced regional variations can also 
be observed in the development of the phytoplankton in the Baltic Sea. The spring 
bloom, for example, starts in the beginning and middle of March in the Western 
Baltic and progresses towards the Arcona Basin. It also starts at the same time in 
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the Bay of Odra and the Bay of Gdansk, and probably also in all the other coastal 
areas in the Western and Southern Baltic. 
However, the algal maximum takes place two weeks later in the Bornholm Basin 
than in the Arcona Basin, and in the Gothland Sea and the Gulf of Finland it occurs 
during the first half of May. 
Hydrographical differences between the various parts of the Baltic Sea and a 
number of meteorological factors may be considered mainly responsible for this 
great difference in the time at which the plankton bloom commences. 
Differences in the hydrographical conditions also cause differences in the annual 
yields of assimilated carbon between various regions of the Baltic Sea. The annual 
production for various areas is presented in Table 1. In addition fluctuations in the 
TABLE 1. Annual primary production in different areas of the Baltic Sea (g C/m"- y) 
1969 1970 1971 1972 
Arcona Sea 	........................... 94.0 46.5 51.4 70.8 
Bornholm 	Sea 	........................ 138.0 59.0 31.0 41.4 
East Gothland Sea 	.................... 69.4 35.0 37.8 39.0 
annual yields are also very evident within the separate regions. The years 1969 and 
1972 are seen to be particularly productive. In both cases the increased annual rate 
of carbon assimilation was due to the inflow of saline water into the Baltic. This 
had a favourable effect in 1969 on the autumn bloom of phytoplankton in the Born-
holm and Gothland Seas as well as in the Gulf of Finland, and, in 1972, on the pro-
duction during April/ May in the Arcona and Bornholm Seas and southern areas 
of the Gothland Sea. Renk (1972) also found considerable differences in the annual 
production in the Gdansk Deep, where the annual carbon assimilation amounted 
to 120 g C/ma and 76 g C/m= in 1970 and 1971, respectively. We have determined 
the mean annual rates for the various parts of the Baltic Sea (see Table 2) from the 
material at our disposal, gathered from investigations up to 1972. Although these 
values cannot be accepted without reservation, they nevertheless clearly show that 
TABLE 2. Mean annual primary production in different areas of the Baltic Sea for the period 
1969-1972. 
Arcona Sea ........................... 	64.5 g C/ma Y 
Bornholm Sea ........................ 59.3 	» 
East Gothland Sea .................... 	47.1 	» 
Bight of Mecklenburg ................. 85.2 	» 
Bight of Odra ........................ 	138.0 	» 
Gdansk Deep ......................... 93.6 	» 
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differences in productivity exist between the various parts of the Baltic. Apart from 
hydrographic factors, differences in the degree of eutrophication must also be con-
sidered to be involved. Some authors have given mean values for the annual pro-
duction of the Baltic Sea — Fonselius (1971) 78 g C/m2, Hobro and Nyqvist (1972, 
cited acc. to Ackefors and Hernroth) 114 g C/m', Ackefors and Hernroth (1972) 
100 g C/m=, Kändler (1962) 75 g C/m=, Sen Gupta (1972) 25.3 and 30.6 g C/m2. 
Experience convinces us that a reliable general budget cannot yet be drawn up 
for the Baltic Sea. Knowledge of the production potential is insufficient for the 
following reasons: 
1. As shown in Tables 1 and 2, the various parts of the Baltic Sea differ with 
regard to their productivity. Considerable differences must also be expected between 
the years, and the material available from the few stations is very inhomogeneous. 
2. The amount of material available from investigations is insufficient to permit 
us to draw up an annual budget. The production rates have yet to be estimated 
for periods longer than half a year. Steemann Nielsen (1964) and Fonselius (1971, 
based on investigations performed by Michanek 1971) have reported series of meas-
urements aimed at determining the primary production over two-year periods 
from lightships. The valuable material obtained by such investigations is, however, 
certainly not suitable for the calculation of the annual phytoplankton production 
for the whole of the Baltic Sea. 
3. The magnitude and geographic distribution of the spring and autumn maxima 
are only seldom recorded. The two maxima, however, produce at least half of the 
total carbon assimilation annually. Failure to record these two maxima is possibly 
one of the reasons why the production values given by Sen Gupta (1972) are so 
low. Owing to the small number of stations and sampling dates, regional and tem-
poral fluctuations pass unrecorded. 
4. The production of the coastal areas should definitely be included in the annual 
budget for the Baltic Sea, and an exact estimate for these regions is probably much 
more difficult to make than for the open areas of the Baltic Sea. 
In this short space we have tried to present our ideas concerning the develop-
ment of the plankton and the productivity of the Baltic Sea. Our main intention 
was to show that, despite considerable success in earlier investigations, our know-
ledge of the biological production conditions in the Baltic Sea is still insufficient. 
Perhaps this brief survey may prompt further investigations on production in the 
Baltic. 
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PARAMETERS OF PRODUCTION IN THE BALTIC 
MEASURED DURING CRUISES WITH R/V ARANDA IN 
JUNE AND JULY 1970 AND 1971 
Julius Lassig and Ake Niemi 
Institute of Marine Research, SF-00121 Helsinki 12, Finland 
In June and July 1970 and 1971, the potential phytoplankton production of 
the euphotic layer was studied (t4C method) on board R/V Aranda in an in-
cubator in constant light and temperature conditions, and the contents of 
chlorophyll a, total phosphorus and total nitrogen were determined. 
In both years, and especially in 1970, evidence of the vernal bloom in the 
Gulf of Finland was still found in early June in the high production values and 
high contents of chlorophyll a and total phosphorus. In general, the values 
decreased towards the northern Baltic proper. Later, during the summer 
phytoplankton minimum in the central Baltic and the Gulf of Finland, some 
areas were distinguished by higher production values. Such areas were the 
Central Basin east and southeast of Gotland towards the Gulf of Gdansk, 
and the upwelling areas off the Hangö peninsula in the Gulf of Finland. 
In the Gulf of Bothnia, which was studied in July, the production values 
were somewhat higher in the Bothnian Bay than in the Bothnian Sea. This 
difference between the two areas may reflect the later development of the 
phytoplankton in the Bothnian Bay. The Bocknian Sea may already have 
reached the oligotrophic summer stage, while the Bothnian Bay was in its 
high production stage. 
Being directly linked to the amount of nutrients (and light), the primary pro-
duction of phytoplankton rapidly mirrors fluctuations in the trophic status of the 
Baltic, obviously being the best index of such changes known at present. The de-
termination of chlorophyll a is another method commonly used in production 
studies, since it is simple and easily employed on board research vessels, giving 
a rather good indication of the biomass and photosynthetic capacity of the phyto-
plankton. 
METHODS 
Our primary production studies were performed by the radiocarbon technique (Steemann Nielsen 
1952). As it is difficult to carry out studies in litre during regular cruises with research vessels, a 
biotest method was applied. The primary production was measured in an incubator in constant light 
and temperature conditions (incubation time: 12 hr). This method gives an idea of the potential 
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Figs. 1-2. The values of primary production capacity (mg C(ass.)/m3 1251 r) and chlorophyll a (mean 
of the euphotic layer, 0-15 m, mg/m3) in the Baltic in 1970 and 1971. The numbers above the 
columns indicate the date of sampling. Samples were taken in July in the Gulf of Bothnia and mainly 
in June in the other areas. In those areas a line above the date indicates sampling in July. (Fig. 2, 
see following page) 
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primary production in standard conditions. For further details on the method, see Lassig and Niemi 
(1972, 1973). 
Chlorophyll a was determined by the fluorometric method given by Strickland and Parsons 
(1968). The Turner fluorometer was calibrated by the spectrophotometric method of SCOR-Unesco 
Wg 17 (Unesco 1966). The possible effect of diel variations of chlorophyll a on the results has been 
discussed earlier (Lassig & Niemi 1973, see also Renk & Torbicki 1972). 
Total phosphorus and total nitrogen were determined by the standard methods of the Institute 
of Marine Research, Helsinki. 
For the location of the stations visited, see Lassig and Niemi (1973, Fig. 1). 
RESULTS AND DISCUSSION 
This report must be confined to a brief survey of the results (Figs. 1-4) and to 
some general conclusions. 
The primary production (Figs. 1-2) in the Gulf of Finland was high in early 
June in both years of study, decreasing towards the northern Baltic proper. The 
distribution of chlorophyll, total phosphorus and total nitrogen showed the same 
trend. Probably the influence of the annual maximum of stream discharge, still 
prevailing in early June, prolongs the duration of the stage of vernal phytoplankton 
production in the Gulf of Finland (cf. Lassig & Niemi 1973). Runoff is received 
mainly from the rivers Neva and Kymijoki (cf. Segerstråle 1951), although the effect 
of other rivers should not be ignored. In late June and July the differences between 
the Gulf of Finland and the northern Baltic proper were less marked. High pro-
duction values were often measured off the Hangö Peninsula (station LL11), prob-
ably as consequence of upwelling, Which is frequent in this area. Hela (1946) has 
drawn attention to the phenomenon of upwelling in the Gulf of Finland. 
In the Baltic proper high values for chlorophyll and primary production, as well 
as for total phosphorus and total nitrogen were measured east and southeast of 
Gotland and towards the Gulf of Gdansk. This tendency was especially marked in 
1970 (mid June). Low chlorophyll values were observed off the southeastern coast 
of Sweden. Renk (1973) found a similar distribution of chlorophyll in 1971. In 
both 1970 and 1971 the general level of total phosphorus was relatively high in the 
Danish Sounds, especially in Öresund, while the level of total nitrogen did not 
differ much from that of the Baltic proper. 
In both years the Åland Sea and the Gulf of Bothnia were sampled in July. Low 
values were recorded for primary production in the Åland Sea, and the content of 
chlorophyll was relatively low. In the northern part of the Gulf of Bothnia, the 
Bothnian Bay, the values for chlorophyll in both years, and those for primary pro-
duction in 1970, were remarkably high as compared with those of the Bothnian 
Sea. The chlorophyll figures were especially high in 1971 in the Bothnian Bay, and 
showed a clear increase towards the Finnish coast. The same trend was also seen in 
1969 (Lassig & Niemi 1973) 1). 
The discrepancies between the Bothnian Sea and the Bothnian Bay may depend 
on differences in the seasonal course of hydrographic parameters and the plankton 
succession. It should be noted that the difference in the time of the break-up of the 
ice is of decisive importance in this connection. Moreover, the vernal maximum 
of stream discharge influences the Bothnian Bay later than the Bothnian Sea. In 
the latter area the phytoplankton had probably reached its summer stage with low 
production in July. In the Bothnian Bay the production was still high at that time 
because the development of phytoplankton was later there. This resembles the 
1) The possible effect of humus and yellow substances on measurements of chlorophyll made 
with a fluorometer will be checked at the Institute of Marine Research in the near future. 
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Figs. 3-4. The values of total phosphorus and total nitrogen (, eg at./], mean value of the euphotic 
layer, 0-15 m) in the Baltic in 1970 and 1971. The numbers above the columns indicate the date of 
sampling as explained for Figs. 1-2. 
situation in polar areas, where the vernal phytoplankton maximum is shifted to-
wards the height of the summer, resulting in a single summer maximum, instead 
of the separate vernal and autumnal maxima typical of more temperate areas, like 
the greater part of the Baltic. 
Since the days of Buch (1932) it has generally been accepted that the low pro-
duction in the Gulf of Bothnia is a consequence of the low content of phosphorus 
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(cf. also Voffpio 1973 61). As is seen from Figs. 3-4, the phosphorus content in 
the Gulf of Bothnia is in general lower than in the Baltic proper and the Gulf of 
Finland. In 1970 the phosphorus values were higher in the Bothnian Bay than in 
the Bothnian Sea. The amount of total nitrogen was also higher in the Bothnian 
Bay in 1970. The explanation of these higher contents of total phosphorus and total 
nitrogen is probably the same as for the higher phytoplankton production in the 
Bothnian Bay. 
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It must be pointed out that a reliable picture of the trophic status of the Gulf 
of Bothnia cannot be obtained until we have more information on the seasonal and 
annual fluctuations of primary production, biomass and nutrients. At the present 
stage of knowledge, difficulties arise when production parameters from the whole 
Baltic area are compared, because observations are often made during different 
stages of the phytoplankton succession (Lassig & Niemi 1973), and because dif-
ferences occur, for instance, in the development of the summer stratification and the 
seasonal course of other hydrographic and hydrochemical parameters. More and 
better coordinated research is the only possible means of solving this problem. 
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COPEPOD HARPACTICOII) SPECIES NEW FOR THE 
SOUTHERN BALTIC FAUNA 
Idzi Drzycimski 
Institute of Marine Resources Exploitation, 71-550, Szczecin, Poland 
The investigations so far carried out on the mciofauna of the coastal and 
open waters of the Polish Baltic coast (Jakubisiak 1930, Demel 1933, 1936, 
Sywula 1966, Drzycimski 1967, Drzycimski & Rozadska 1967, Monchenkc 
1967) have revealed the occurrence of 20 species of Harpacticoida (Table 1, III) 
in these waters. However, the observations of other authors (Lang 1948, 1965, 
Noodt 1953, 1955, 1970, Noodt & Purasjoki 1953, Brinck, Dahl & Wieser 1955, 
Kunz 1971) show that the Baltic proper is inhabited by 43 harpacticoid species 
(Table 1, I). Studies on the meiofauna of the Polish coastal waters carried out 
in 1965 revealed the presence of 12 harpacticoid species new for the Polish 
fauna (Table 1, IV), 7 of which were also new for the Baltic proper (Table 1, II)_ 
The list given in the table does not include Haleclinosoma abrau, known from 
fresh waters in Poland (Jakubisiak & Rzöska in Lang 1948), but also recorded 
from Polish coastal waters in earlier studies. The numbers of harpacticoid 
species found in the Polish coastal waters and the Baltic proper amount to 33 
(with H. ahrann) and 50, respectively. 
In 1965 and subsequent years, investigations were carried out along the whole of the 
Polish coast on transects perpendicular to the shore. The samples were collected 
within the depth range of 7-40 m, the only exceptions being one sample taken 
outside the transect at 80 min the Bornholm Deep and another taken at 70 m off Hel_ 
Thus the whole coastal zone of the southern Baltic was examined. 
The species new for the fauna of the Baltic propers) (Table 1, II) are: 
Halectinosoma elongatum 	 Stenocaris minut» 
Danielssenia fusiformis Heteropsyllus major 
Scotopsyllus minor 	 Laophonte baltica 
S. herdmani 
These species have hitherto been known either from Öresund or outside the 
Giedser — Darss line, i.e. from the so-called Belt Sea (Lang 1948, Kunz 1971). 
The fact that they have now also been found in the southern Baltic is evidence of 
1) The term »Baltic proper» used in this paper and accepted by many authors covers the Baltic 
waters east of Oresund and the Giedser — Darss line. 
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TABLE 1. Harpacticoida of the Baltic proper east of Giedser—Daress and Öresund. I = species 
already known from the Baltic proper, II = species new for the fauna of the Baltic proper, III = 
species already known from the Polish coast, IV = species new for the fauna of Poland. 
I 	II 	Ili 	IV 
Species name 
Halectinosoma abrau (Kricagin) ..................... 
Halectinosoma curticorne (Boeck) ................... 
Halectinosoma elongatum (Sars) ..................... 
Microsetella norvegica (Boeck) 
Sigmatidium minor (Kunz) .........................  
Phyllognathopus viguieri (Maupas) .................. 
Leptocaris brevicornis (Douwe) ..................... 
Leptocaris trisetosa (Kunz) ......................... 
Tachidius discipel (Giesbrecht) ..................... 
Microarthridion littorals Peppe ...................... 
Danielssenia fusiformis Brady et Robertson 	..........' 
Danielssenia typica Boeck .......................... 
Tisbe furcata (Baird) ............................... 
Dactylopodia euryhalina (Monard) 
Stenhelia palustris Brady ........................... 
Tymphlamphiascus typhlops (Sars) 
Amphiascoides debilis (Giesbrecht) ..................  
Schizopera clandestina (Klie) ........................ 
Schizopera compacta De Lint 
Schizopera ornata Noodc et Purasjoki ............... 
Schizopera inornata Noodt ......................... 
Schizopera baltica Lang ............................ 
Promeira hiddensöensis (Schäfer) .................... 
Nitocra hibernica (Brady) ........................... 
Nitocra typica Boeck 	.............................. 
Nitocra spinipes Boeck ............................. 
Nitocra lacustris (Schmankewitsch) .................. 
Nitocra fallaciosa Klie f. baltica Lang ................ 
Nitocra reducta Schäfer ............................ I  
Paramesochra acutata Klie .......................... 
Scotopsyllus minor (T. et A. Scott) .................. 
Scotopsyllus herdmani (Thompson et A. Scott) 
Romanea arenicola Klie ............................  
Mesochra lilljeborgi Boeck 	........................ 
Mesochra rapiens (Schmeil) 	........................ i 
Mesochra aestuarii Gurney 	........................ 
Bryocamptus pygmaeus (Sars) ....................... 
Itunella muelleri (Gagern) .......................... 
Stenocaris minuta Nicholls ......................... 
Paraleptastacus spinicauda (T. et A. Scott) ...........  
Arenopontia subterranea Kunz ......................  
Parastenocaris vicesima Klie ........................ 
Parastenocaris phyllura Kiefer .......................' 
Cletocamptus confluens (Schmeil) ................... 
Nannopus palustris Brady .......................... 
Huntemannia jadensis Poppe ........................ 
Heteropsyllus major (Sars) .......................... 
Leophonte baltica Klie ............................. 
Paronychocamptus nanus (Sars) .....................II  
Onychocamptus mohammed (Blanch. et Rich.) ........ I 
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changes in the hydrographic conditions of this region (increase in salinity of bottom 
layers) and the expansion of the marine fauna into brackish waters. 
This is confirmed by indicator species of the North Sea waters found during 
•planktonic investigations. Benthic studies have also revealed a conspicuous east-
ward shift of many species, which have moved into regions where they had not 
been noted earlier. The frequency of such species in the southern Baltic is very 
low compared with that of species recorded there for a long time, amounting to 
S % for Stenocaris minn/a and less for the remaining species. Their geographical 
and vertical distribution in the Polish coastal region exhibits certain characteristic 
features. IHalectinosorra elongatum, Heterop.ryllus major and Laopho;ate baltica occur 
only in the Arkona and Bornholm basins at depths of 40 m and more. The distri-
bution of Scotopsyllus minor and S. herdmmzani is also restricted to the western part of 
the southern Baltic, where they have been found at depths of 27 m and more. Only 
Stenocaris minn/a and Daniel sena fusiformis have been noted in Gdansk Bay. 
Owing to its special hydrographic conditions, the southern Baltic is evidently 
an area liable to be colonized by species known earlier from waters with a higher 
salinity. The new harpacticoid species reported here tend to support this conclusion. 
Presumably the southern Baltic is a terminal part of the distribution range of many 
of these species, owing to its low salinity. Their occurrence at greater depths, where 
the salinity is higher than in shallower waters, is evidence that salinity is a factor 
limiting the distribution of these species. 
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PRIMARY PRODUCTION IN THE GDANSK DEEP') 
Henryk Renk, Henryk Torbicki and Stanislaw Ochocki 
Sca Fisheries Institute, Gdynia, Poland 
In 1972 primary production in the Gdansk Deep was measured at about three-
weekly intervals. The euphotic water layer was about 20 m thick. The measure-
ments revealed that the energy fixation efficiency of the primary production 
was higher before noon than in the afternoon hours. In the spring of 1972 the 
production was found to be lower than in the previous years. The highest 
daily primary production, amounting to about 500 mg C/m- day, occurred in 
August and September. The annual primary production of the Gdansk Deep 
in 1972 was found to be 68.8 g C/m" year; the value of 89 g C/m' year has been 
adopted as the annual mean for this area. 
The primary production of the southern Baltic has been investigated in the Sea 
Fisheries Institute at Gdynia since 1966 (Rothon 1968, Renk 1972, 1973). In the 
last few years primary production has been measured fairly frequently in the Gdansk 
Deep. 
METHODS 
Primary production was measured by the '1 C radioisotope method (Steemann Nielsen 1952) at 
depths of 0.5, 5, 7.5, 10, 15 and 20 m, incubation being carried out in silo from sunrise until noon, 
and sometimes twice a day: from sunrise until noon, and from noon until sunset. The daily 
primary production was calculated with the equation: 
P = 
net activity of plankton x CO, x 1.06 x 2 
total added activity 
Total radiant energy was measured with a solarimeter fastened to a special mast on the ship. 
The methods have been described in detail by Renk (1973). 
RESULTS OF MEASUREMENTS 
The vertical distribution of the primary production in the different seasons 
of 1972 is presented in Fig. 1. The thickness of the euphotic layer of the Gdansk 
Deep can be seen to be 18-20 m. It was also demonstrated by means of an under- 
1) This work was supported by the Polish Academy of Sciences within Project 09.1.7. 
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water photometer with a green filter that on an average 1 % of the radiation in-
cident on the sea surface penetrates to a depth of 18-20 m. In the period of late 
autumn and early winter primary production was usually observed to be highest 
just at the sea surface. During periods of strong insolation, i.e., in spring and sum-
mer, the most intense primary production took place at about 5 m depth. When 
insolation was strong, e.g. over 2 000 Kcal/m=, photosynthesis was inhibited in 
the surface water layer. The value of the primary production of the water column 
under 1 m2 of the sea surface was obtained by graphic integration of the primary 
production throughout the thickness of the euphoric layer. 
When the primary production was measured twice a day, i.e. from sunrise to 
midday, and from midday to sunset, it was found that, provided the insolation re-
mained nearly constant, the primary production under 1 m2 of the sea surface in 
the forenoon was slightly greater than in the afternoon. Thus the energy fixation 
efficiency in the forenoon was greater than in the afternoon. The afternoon effi-
ciency of primary production was sometimes as much as about 20 % less than that 
of the forenoon (Renk 1973). The seasonal variation in primary production under 
I m2 of the sea surface in the Gdansk Deep is presented in Fig. 2. The daily pro-
duction under 1 m2 of the sea surface averaged 30-60 mg C/m' day in the winter 
period and about 400 mg C/m'- day in the summer months. Exceptionally high 
J MM J S NJ MM J S N 'J MM J 5 N 
1970 	 1971 	 1972 
Fig. 2. Seasonal fluctuations in primary production under 1 m2 of the sea surface (for ml read m2). 
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primary production, 1 068 mg C/m' day, was noted in the Gdansk Deep in July 
1970, and also in August of the same year. In the latter month the daily primary 
production in the coastal zone of the Gulf of Gdansk was found to be as high as 
1 400 mg C/m2 day. In 1971-72 the primary production of the Gdansk Deep waters 
was never noted to surpass 600 mg C/m2 day. 
The magnitude of the annual primary production of the Gdansk Deep in three 
successive years can be roughly determined from rig. 2: 
1970 — 117.5 g C/m" 
	
1971 — 72.9 	» 
1972— 68.8 	» 
DISCUSSION 
The mean annual value of primary production in the Gdatisk Deep calculated on 
the basis of observations carried out over several years (since 1967) is 89 g C/m= 
{Ronk 1973). Thus the annual primary production in the Gdaiisk Deep in 1971 
and 1972 was lower than the mean. The mean value of the primary production in 
the Gulf of Gdansk was estimated at 104 g C/m" (Renk 1973). 
On the basis of observations made over many years, the mean value of annual 
primary production in the southern Baltic was estimated at 82 g C/m= (Renk 1973); 
thus the primary production of the Gdansk Deep is greater than that of the Born-
holm Basin. The Gdansk Deep is also distinguished from the remaining areas of 
the Baltic proper by its greater primary production. This conclusion is supported 
by measurements of the chlorophyll content, which, on average, was found to be 
higher in the Gdaiisk Deep than elsewhere in the Baltic. 
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DIURNAL CHANGES OF PHYTOPLANKTON BIOMASS IN 
THE GDANSK DEEP, MAY 19721) 
Henryk Renk, Zofia Ringer, Henryk Torbicki, Stanislaw Ochocki and Marianna 
Pastuszak 
Sea Fisheries Institute, Gdynia, Poland 
The courses of the diurnal fluctuations of nutrient and chlorophyll concen-
trations in the Gdansk Deep are presented for the period May 16 to 20, 1972. 
At night increases in the phosphate, nitrate and nitrite contents were observed 
in the euphoric water layer, the phosphate concentration showing the greatest 
diurnal fluctuation. By day an increase in the phytoplankton biomass was 
observed (especially great when insolation was intense); at night the chlorophyll 
concentrations were found to be lower. 
The carotenes exhibited similar diurnal variations. From the changes in 
the chlorophyll a concentrations and the number of Kirchnerie//a cells, both the 
growth constant and the rate of cell division were computed. During intense 
insolation the growth rate was about 0.19 to 0.35 per hour; the number of the 
Kirchneriel/a cells doubled within 3.5 to 5.0 hours. The amount of chlorophyll 
a in a single Kirchnerie//a cell was computed to be about 10-s mg. 
Numerous observations indicate that in a marine environment short-term and 
diurnal oscillations take place in the hydrochemical and hydrobiological conditions 
(Renk & Torbicki 1972, Renk 1973). Daily vertical migration is known to occur 
in the zooplankton (Marilcowslci & Ciszewski 1961). During the night hours the 
zooplankton concentrates in the upper water layers and this results in phytoplankton 
losses due to grazing by zooplankters, and fertilization of the environment by their 
excreta. The effects of this migration have not been studied earlier in the Baltic, 
but the present paper reports observations on the diurnal changes taking place in 
the hydrochemical and hydrobiological conditions in the Gdansk Deep in the period 
May 16-20, 1972. 
1) This work was supported by the Polish Academy of Sciences within Project 09.1.7. 
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METHODS 
Samples of sea water were taken at intervals of 2 hours, and the contents of phosphate, nitrate and 
nitrite, as well as the concentration of photosynthetic pigments were determined. 
The analytical methods used have been described in other papers (Renk & Torbicki 1972, 
Pastuszak 1973, Renk 1973, Ringer 1973). The phytoplankton was also counted and identified 
on several samples, and the water temperature, salinity, oxygen content and pH were determined 
from time to time. 
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Fig. 1. Diurnal fluctuations in mean phosphate phosphorus content 
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RESULTS OF HYDROCHEMICAL MEASUREMENTS 
The course of the phosphate content in the euphotic zone is illustrated in Fig. 1, 
which shows the diurnal variation in the average concentrations of the water layers 
at depths of 0-5 m, 5-10 m, 10-15 m and 15-20 m. The values are the arith-
metic means of measurements made at the limits of each layer. Both diurnal and 
short-term fluctuations can be distinguished. During the day the phosphate content 
increased till the evening hours, the maximum being noted at 22.00 o'clock, and 
during the night it decreased to a minimum in the morning hours. 
Diurnal periodicity was also observed in the nitrate and nitrite contents at the 
same levels. In Fig. 2 the average nitrate and nitrite nitrogen contents are shown 
for the layers: 5-10 in, 10-15 m, 15-20 m. The inorganic nitrogen concentrations 
also reached their maximum at night, but their diurnal fluctuations were smaller 
than those of inorganic phosphorus. pH measurements performed in the euphotic 
layer showed that the hydrogen ion concentrations at depths of 5 m, 10 m, and 15 
m attain their minima at about 1.00 o'clock, whereas their maxima usually occur 
at about 13.00 o'clock. The amplitude of the diurnal pH fluctuation amounted to 
about 0.1. 
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RESULTS OF FIYDROBIOLOGICAL MEASUREMENTS 
Chlorophyll a concentrations recorded at depths of 0.5, 5, 10, 15 and 20 m are 
presented in Fig. 3. The periods during which insolation was intense are shown 
in the bottom part of the figure, below the time axis. For the first two days of the 
study period the light intensity was rather low, and the diurnal fluctuations in the 
chlorophyll a contents were also small. On the third day (18 May) insolation began 
to increase before noon. After the first hours of the increase in insolation, there was 
a fall in the chlorophyll a concentration of the surface water and a simultaneous 
increase in the chlorophyll a concentrations at 5 and 10 m depths. The chlorophyll 
maximum occurring in the surface water between 13.00 and 24.00 o'clock (Fig. 3, 
18 May) was reflected some hours later in the deeper water layers, giving the im-
pression that the phytoplankton was sinking. If the maximum at 20 m depth is 
presumed to have occurred 20 hours later than in the surface water layer, the sinking 
rate would be 2 m/hour. This is a rather high value and represents the sinking rate 
of the front of the chlorophyll »cloud»; the dispersion of the chlorophyll maximum 
observed in the figure must be considered evidence that the plant cells have dif-
ferent sinking rates. 
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The chlorophyll b concentrations at this time were relatively small, averaging 
about 0.2 mg/m3. The highest amounts of chlorophyll b in the euphotic water layer 
were observed during the afternoon and the Iowest were recorded between mid-
night and sunrise. Fig. 4 shows the variation of the sums of the chlorophyll b con-
tents in the water column between the surface and depths of: 5, 10, 15 and 20 m. 
The chlorophyll b amount increased in the early morning hours and decreased in 
the evening hours. A periodicity could also be observed in the chlorophyll I to 
chlorophyll a ratio; the lowest value was found about midnight. 
Fig. 5 illustrates the fluctuations of the carotenoid concentrations at depths of 
0.5, 5, 10 and 15 m. The course of the carotene concentrations greatly resembled 
that of the chlorophyll a concentrations. 
As regards the composition of the phytoplankton in the period May 17-19, 
the water samples taken at 0.5, 5, 10, 15 and 20 m depth contained at least 25 species, 
of wihch 9 belonged to Dinoflagellatae, 4 to Cyanophyceae, 5 to Chlorophyceae 
and 7 to Bacillariophyceae. Twenty-three species were very sparse, their cells oc-
curring singly or in small colonies in one or two fields of vision when 20 fields were 
examined under the microscope. No changes in the cell numbers of these 23 species 
were noticed during the study period. Kirchneriella sp. (Chlorophyceae) had 
the greatest number of cells. Another relatively numerous species was Trochis-
cia clevei (Chlorophyceae), but it was observed only on 18 May, and its numbers 
decreased during the afternoon, so that by late in the evening it had disappeared 
from the euphotic layer. It had probably sunk, since large amounts of its cells were 
observed later at 20 m depth. Thus a single phytoplankton species, Kirchneriella sp. 
was chiefly responsible for the fluctuation in chlorophyll concentrations during the 
study period. 
The changes in the number of Kirchneriella cells were paralleled by the changes 
in chlorophyll concentrations (Fig. 3). On 18 May, between 11.00 and 17.00 o'clock, 
both the chlorophyll value and the number of Kirchneriella cells approximately 
doubled in the water column between the surface and 10 m depth. If the losses of chlo-
rophyll occasioned by grazing by zooplankton during a relatively short period are 
assumed to be small as compared with the phytoplankton production, the rate of 
cell division for this period can be calculated by means of the following equation 
(Eppley & Strickland 1968, Renk 1973). 
k„ _ 
— 1 	
n (1n , — In nr ), 
where n, is the number of cells at the time t_, and a l is the number of cells at the 
time t l. The mean constant calculated for the increase in cell number within the 
water column between the surface and a depth of 10 m, for the period 11.00 to 17.00 
o'clock (18 May), amounted to 0.13 hour -1. For the hours before and after noon 
the constant of the increase in cell number was calculated to be 0.35 hour -1. 
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High values were obtained for the constant k, at depths of 15 and 20 m. This 
is probably due to the fact that in this case the increase in cell number results from 
both primary production and the sinking of plankton from the surface water layer. 
Thus the result of the final calculation should be considered roughly approximate. 
The so-called »generation time» Tg (Eppley & Strickland 1963), i.e. the time needed 
for the number of cells to double, may be calculated from the following equation: 
In2 	0.69 
T' k,. 	k 
The mean generation time for Kirchneriella cells in the period May 18-19 was 
3.5 hours, and the mean generation time for the surface water layer alone was about 
5 hours. Since the number of Kirchneriella cells was observed to increase in parallel 
to the chlorophyll concentration, while the number of cells of other species remained 
constant, we were able to make the following assumptions: 
1. The changes in chlorophyll concentrations are exclusively controlled by the 
dominant Kirchneriella species. 
2. At a given moment the amount of chlorophyll a contained by one Kirch-
eeriella cell is the same throughout the water layer from 15 to 20 m depth. 
The 15-20 m water layer was chosen for calculating the amount of chlorophyll 
a contained by the sinking Kirchneriella cells, since at that level the process of photo-
synthesis is not intense enough to cause any farther changes in the phytoplankton. 
According to the above assumptions, the chlorophyll contents B1 ,5 and B5 0 , 
relating to the depths of 15 and 20 m, respectively, may be expressed as follows: 
B15 =i2 Bo +A 
B_o =n2oBo +A> 
where Bo means the average chlorophyll a content of one Kirchneriella cell, and 
n15 , n.o represent the numbers of Kirchneriella cells at 15 and 20 m depth, respec-
tively; A represents the chlorophyll a content of the cells of the other phytoplankton 
species. From these two equations the average chlorophyll a content per Kirch-
neriella cell can be calculated: 
B15 B0,
B° = 
n i 5 — n. 0 
When the appropriate numerical values are inserted into the latter equation, 
the chlorophyll a content of one Kirchneriella cell can be obtained. The values cal-
culated for the study period ranged from 0.14 x 10-9 mg to 4.5 x 10-9 mg. The 
course of changes in the chlorophyll a content per Kirchneriella cell is illustrated 
in Fig. 6. 
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The appearance of a great quantity of Kirchneriella at 15 m depth 14 hours after 
an increase in chlorophyll and cell number had been observed in the surface water 
layer suggests that the sinking rate of the cells is of the order of 1 m/hour. From 
the moment at which the large number of cells appeared at 15 m depth, definite changes 
in the chlorophyll content of the cell started to occur. The chlorophyll a content 
increased during a period of 21 hours from the value of 0.14 X 10-9 to that of 4.5 X 
10-9 mg, and then started to drop to a value of 0.22 x 10-9 mg. It may be supposed 
that the diminution of the chlorophyll content was caused by the increase in the 
process of cell division, which was evidently most intense in the afternoon hours 
of 20 May (Fig. 3). The rate of the increase in chlorophyll concentration in the 
period May 18-20, 1972 resembles that observed during the spring bloom of phyto-
plankton (Hickel 1967). A rapid increase in cell number and chlorophyll concen-
tration was possible during this sunny period, since it followed several days of 
cloudy weather, during which primary production was low and a supply of regener-
ated nutrients had accumulated. 
Such a rapid increase in chlorophyll concentration has not been observed before 
in open Baltic waters. This does not mean that such increases have not actually 
occurred, but suggests that the value calculated for the constant k,, of the increase 
in cell numbers approximates the maximum k„ values for the Baltic Sea. 
CONCLUSIONS 
1. The nutrient concentrations of the euphotic layer were highest before mid-
night and lowest in the morning. 
2. When insolation was reduced, the chlorophyll concentrations increased during 
the day and decreased at night, whereas when insolation increased sharply, a fall 
in chlorophyll content was observed. 
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3. At times of very intensive insolation, the constant k„ of the increase in the 
number of Kirchneriella cells was estimated at 0.13-0.35 hour -'. 
4. The chlorophyll a content of a single Kirchaeriella cell was determined as 
0.14 x 10 9 -4.5 X 10 9 mg. 
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FLUCTUATION OF LIGHT IN THE EUPHOTIC ZONE 
AND ITS INFLUENCE ON PRIMARY PRODUCTION') 
Jerzy Dera, Ryszard Hapter and Barbara Malewicz 
Polish Academy of Sciences, Institute of Geophysics, Department of Oceanology, Sopot, Poland 
A study was made of the fluctuation of underwater irradiance and the influence 
of this fluctuation on the rate of photosynthesis in phytoplankton samples. 
Roughly three different types of radiation conditions are found in the euphoric 
zone of the sea, depending upon the weather. Basically different conditions 
prevail during sunny weather, completely overcast or foggy weather and inter-
mediate weather conditions. Rapid fluctuations in irradiance, with a magnitude 
two- to fourfold the irradiance level and frequencies ranging from fractions of 
a second to minutes, are mainly caused by the combined interaction of surface 
waves and scattered clouds with direct solar rays. The carbon assimilation rate 
of plankton samples decreased significantly during exposure to fluctuations in 
irradiance similar to, but simpler than, those found in the upper layer of the sea. 
Of the many papers devoted to light as an ecological factor, only a few remark 
on the strong fluctuations in irradiance occurring in the euphotic zone of the sea 
and their influence on primary production (Dera & Gordon 1968, Dera 1970, Gordon 
et al. 1971). Owing to considerable theoretical and technical difficulties, purely 
physical studies of the dynamics of light field variation under a rough sea surface 
are also rare (Schenck 1957, Snyder & Dera 1970, Nikolayev et al. 1972), and appear 
to be too theoretical for the needs of marine biology. 
An attempt has been made to characterize the main features of underwater irra-
diance dynamics in the most productive upper layer of the sea, and to give some 
results of an experimental study of the influence of fluctuations in irradiance on the 
rate of assimilation of carbon in phytoplankton samples. 
The hydro-optical part of this paper is based on the results of many optical 
studies carried out by the authors and information in the literature. For descriptions 
of the methods and techniques used, the reader is referred to previous papers. 
The part of the paper on the influence of light fluctuation on the carbon as-
similation rate contains a short description of the techniques employed. The authors' 
main aim is to direct the attention of marine biologists to certain less-known optical 
phenomena which can affect marine organisms, and especially primary production 
in the sea. 
') This study was part of Project No. 09.1.7. organized by the Institute of Ecology of the Polish 
Academy of Sciences 
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Fig. 1. The course and magnitude of typical 
fluctuations in irradiance at the sea surface 
caused by moving clouds (Gdansk Bay, 14 
April 1973, recorded by dow•nwelling irradi-
ance recorder in spectral band 460-560 om). 
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Fig. 2. The course and magnitude of typical 
fluctuation in irradiance caused by waves dur-
ing sunny weather (Gdazisk Bay, 8 May 1973, 
simultaneously recorded by rwo downwclling 
irradiance meters connected to a Hewlett-
Packard type 7100B strip chart recorder; 
spectral band 460-560 om, height of surface 
waves about 20 cm). 
CHARACTERISTICS OF IRRADIANCE FLUCTUATION IN THE SEA 
During the daytime, the light in the euphotic zone of the sea is never stable. 
,\part from changes occurring from day to day and season to season in connection 
with the movement of the earth, very complex and sudden light changes caused by 
meteorological factors and movement of the sea surface also occur. We shall call 
such changes taking place during the course of the day fluctuations, but fluctuations 
occur not only in the level of irradiance but also in its spectral composition, in the 
degree of light diffusivity and light polarization and in the directional distribution 
of light in the water. 
Just before the flux of solar radiation reaches the sea surface, dynamically 
changing atmospheric conditions cause strong fluctuations in time and space (Dera 
1971). Strong, local changes in the irradiance of the sea are primarily caused by the 
sun being obscured by wind-driven clouds. This may change the irradiance level 
by up to one order of magnitude as often as several times a minute (Fig. 1). The 
second cause of fluctuations in underwater irradiance is the movement of the sca 
surface. Fluctuations caused by this movement also depend closely upon the 
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cloudiness of the sky (Snyder & Dera 1970). The focusing of direct solar rays by 
wave crests, can cause temporary concentrations of light energy in the upper layer 
of the euphotic zone resulting in two- to threefold or greater changes in the level 
of irradiance within fractions of a second (Fig. 2). 
Irradiance fluctuations caused by cloud movement are slower and more for-
tuitous than those caused by wave movement. Their average period is most fre-
quently a few minutes and they depend upon the extent of cloud coverage and wind 
speed. These fluctuations reach the bottom of the euphotic zone, but in the upper, 
sunny layer of water (Dera 1970) they overlap the fluctuations caused by the focusing 
effect of the waves in a special manner: when the sun is exposed (from a given ob-
servation point under water), the focusing of the sun rays by the waves is extremely 
effective; when the sun is covered by clouds, not only does the mean irradiance level 
drop rapidly, but the wave-induced fluctuations also decrease to a minimum, as the 
remaining light reaching the sea is diffuse and cannot be successfully focused. Thus 
with moving but moderate cloud cover, special complex fluctuations arise (short-
and long-period simultaneously) (Fig. 3). 
The theoretical analysis of irradiance fluctuation in the sea is complicated (Schenck 
1957, Mullamaa 1964, Snyder & Dera 1970, Nikolayev et al. 1972). It takes into 
account many more factors than those mentioned and reveals a much more com-
plicated mechanism underlying these fluctuations. However, the fluctuations caused 
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by other factors (e.g. changes in the height of the column of water in rough sea) 
are an order of magnitude less than those outlined above. 
Experimental analysis of the fluctuations has not yet given a definite picture of 
their patterns in various wave conditions in the open sea, and especially, it has not 
elucidated the temporary maximum concentrations of light energy in small focus 
areas (e.g. in the immediate vicinity of a single phytoplankton cell). This is due to 
the large size of irradiance detectors (several centimetres in diameter) and the pos-
sibility of distortion in the recording of light pulses of very short duration. The 
authors and their co-workers have recently embarked on an experimental study of 
this subject with the aid of a specially constructed analyzer of light glitter in the sea. 
It has been observed that in a space of about 2.5 mm, in a surface layer of a few 
metres, underwater irradiance glitters are up to three times as great as the irradiance 
at the sea surface. 
In this study and the few other papers written so far (Snyder & Dera 1970, 
Gordon et al. 1971, Nikolayev et al. 1972), considerable attention has been paid to 
the frequency of fluctuations caused by wave movement, to be more precise, the 
power spectrum of fluctuation. It can be concluded that small surface waves, or more 
exactly the short-period part of the wind waves spectrum, are the main cause of the 
irradiance fluctuation of maximum amplitude. For this reason, these fluctuations 
are strong in both very small and high surface waves (Dera 1970, 1971), but specially 
intense when there are wind waves and the sun's altitude is high. For the same reason, 
the periods of maximum irradiance fluctuation are in the order of tenths of a second 
to a few seconds and depend upon the wave spectrum. The frequency of fluctuation 
decreases with increasing depth as the focusing of the sun's rays by small waves 
becomes less effective in relation to other optical phenomena caused by wave move-
ment. 
Characteristic maximum amplitudes of short-period irradiance fluctuations are 
usually observed at a certain depth as a result of some balance between the focusing 
effect and attenuation of light in the water (Dera & Olszewski 1967, Dera & Gordon 
1968, Dera 1971). In Baltic waters, this maximum is usually observed at a depth 
of about 1-1.5 m with a fluctuation range caused by wave movement of up to 
about 15 m. In clean ocean waters, i.e. type I A according to Jerlov's classification 
(Jerlov 1968), this maximum should be at a depth of about 5 m with a fluctuation 
range of up to about 50 m (Dera 1970), except when the sun's altitude is low. 
ESTIMATION OF UNDERWATER LIGHT CONDITIONS ACCORDING 
TO METEOROLOGICAL CONDT3'IONS 
The fluctuations in irradiance in the upper layers of the sea are thus inseparably 
related to the meteorological conditions. From the point of view of the dynamics 
of light changes under water, three extremely different sets of irradiance conditions 
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can be distinguished, which usually occur in three generally differing meteorological 
situations, vit. in clear sunny weather, under totally (or almost totally) overcast 
skies and in an intermediate situation, i.e. scattered clouds and (usually) wind. Nu-
merous series of observations of irradiance changes supplemented by automatic 
recording of total irradiation during the daytime (Dera et al. 1972) in the region 
of Gda tsk Bay permit the following basic characterization of the irradiation of 
the euphotic zone in these three meteorological situations: 
a) with a cloudless or almost cloudless sky, there are strong short-period fluc-
tuations of irradiance of the order of tenths of a second (focusing effect) and the 
greatest daily amount of radiant energy in the given season is received; the fluctu-
ation amplitude changes with depth, the maximum in the Baltic being at a depth 
of about 1.5 m, and it generally depends upon the clarity of the water and the sun's 
altitude. 
b) with full or almost full cloud cover (or fog) there is completeley diffusive 
light under the water and the irradiance level changes very slowly, the total daily 
irradiation being 50-65 % less than the maximum for the given season; (in this 
case the two main causes of fluctuation do not occur, i.e. the covering of the sun 
by single moving clouds and the focusing of direct solar rays by waves); 
c) in intermediate conditions (cloud cover 3-8 and usually windy), there are 
complicated fluctuations in irradiance, resulting from the overlapping of the in-
fluence of surface waves and cloud movement; the daily irradiation is mostly 20-
30 % less than the maximum for the given season. 
In situations a) and c), changes in irradiance are sudden, i.e. occurring in a frac-
tion of a second or a slightly longer period; the irradiance increases or decreases 
two- or threefold or more (strong light glitters), the spectrum and geometrical 
radiance distribution (not examined in this work) changing simultaneously. 
In view of the above observations, an initial assessment of the frequency of 
given light conditions in a certain water region can be made on the basis of system-
atic long-term observations of atmospheric conditions. Table 1 gives the average 
TABLE 1. Mean values of meteorological data in Sopot region for period 1957-1961 (according 
to Taranowska 1962). 
fair sky (cloudiness 
< 2) ............ 
cloudy sky 2-8 
overcast sky > 8 
days with precipita- 
tion ............ 
The average number of days in the mooch 
I 	I II 	I III 	I IV 	I V 	I VI 	I VII 	I VIII I IX 	I X 	I \I 	I XII 
	
0.6 	0.8 	4.6 	4.4 	1.8 	4.2 	1.8 	3.0 	4.4 	2.4 	0.8 	0.6 
11.4 11.4 13.2 15.0 18.0 18.4 17.8 19.0 16.0 15.0 8.4 10.8 
19.0 16.0 13.2, 10.6 10.4 	7.4 11.4 	9.0 	9.6 13.6 20.8 19.6 
15.8 	13.4] 	9.8 1 	9.8 1 12.2 I 	9.8 1 14.2 1 12.8 1 12.0 1 11.4 I 	8.6 1 14.8 
Mean monthly wind velocity 
velocity m/sec ...... I 	5.5 I 	5.4 I 	6.0 I 	4.5 I 	4.2 I 	4.1 	3.7 I 	4.1 	4.5 I 	4.6 I 	5.3 I 	5.5 
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values of some observations made by Taranowska (1962) in the region of Gdatisk 
Bay. Comparison of these values with our optical observations indicates that the 
most complicated irradiance conditions (Fig. 3) are most frequent in the summer 
in this region, the most stable conditions obtaining in the winter. The two sets of 
conditions each prevail for almost half the days in March and October. 
EXPERIMENTAL STUDIES ON THE INFLUENCE OF IRRADIANCE 
FLUCTUATION ON THE CARBON ASSIMILATION RATE IN 
PLANKTON SAMPLES 
The level of irradiance in the sea generally fluctuates strongly in relation to the 
light saturation level of phytoplankton cells (Steemann Nielsen & Hansen 1959, 
Steemann Nielsen et al. 1962, Yentsch & Lee 1966). The average period of such 
fluctuations is too short to permit the photoadaptation of the cells. It can thus be 
assumed that fluctuations in irradiance can seriously limit primary production in 
the sea in certain weather conditions. They may also be connected with the charac-
teristic vertical distribution of primary production, with the maximum at a certain 
depth. 
Studies were made in the laboratory on the carbon assimilation rate in plankton samples exposed 
to changes in irradiance programmed in time. The first results were obtained from samples of a 
pure culture of Ch/ore/la vulgaris Beijerinck A88a (Baslerova & Dvorakova 1962) in irradiance fluc-
tuation conditions corresponding to, but simpler than, those met in the sea and illustrated in Figs. 1 
and 2. Further experiments were made on natural samples of plankton from Gda$sk Bay. 
The carbon isotope '4C method developed by Steemann Nielsen was used to measure the rate of 
assimilation of carbon (see Strickland & Parsons 1965). A sample of water with plankton was divided 
into two equal parts and illuminated in special chambers and in 100-m1 glass cells with a stabilized 
flux of white light of the same value (a 1000 W filament lamp through a 4-cm-thick water filter and 
I 
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Fig. 4. A schematic diagram of the experimental 
system applied when investigating the influence 
of fluctuations in irradiance on the rate of 
f 	 photosynthesis. 
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attenuating neutral filters). This stable lighting amounted to about 6500 lux and slightly exceeded 
the saturation threshold of the plankton cells studied (corresponding to a cloudy sky). Additional 
light pulses were applied to one of these samples (from the same source with a moveable system 
of neutral filters), the light having a maximum intensity of about 45 000 lux, with a repeat period 
of T and duration / changed in consecutive experiments from 0.1 T to 1 T. These conditions corre-
sponded to the occurrence in the sea of direct solar rays with variable cloud cover or concentrations 
•of rays focused by waves. The exposure time of the samples was 2 hours. 
Before the experiment, samples were kept for 24 hours in the same low-level light of about 
6000 lux. The temperature of the samples before and during exposure was about 25° to 30°C. In 
experiments prepared in this way, both samples (or four — see Fig. 4) were exposed to light satu -
ration conditions and the influence of any additional light pulses on one of the samples was examined 
by comparison. A diagram of the apparatus is shown in Fig. 4, where the light source, two pairs 
of beam paths and two pairs of sample chambers can be recognized. A diagram of the light pulses 
applied is shown at the side of Fig. 5. 
When the light pulse duration time t was increased in relation to its repeating 
period T, there was a significant decrease in the carbon assimilation rate in all the 
samples examined. It sank to 40 % and even 10 % of that observed in samples not 
irradiated additionally (Fig. 5). A decrease in the assimilation rate was observed 
in all the samples examined after exposure to light pulses with different periods T 
and duration times t, as can be seen in the diagram. Similar results were obtained 
for both pure Chlorella vrrlgaris samples and samples of natural plankton in water 
taken from Gdafisk Bay (the latter were not exposed artificially before the experi-
ment). The large deviations in the experimental results shown in Fig. 5 appear to 
Fig. 5. Experimental results showing the de-
crease in the carbon assimilation rate under the 
influence of light impulses; P — the rate in 
investigated sample, Pr — the rate in reference 
sample, t — time of light impulse duration, T 
— repetition period of light impulses; 0 ❑  — 
for periods T = 1 min, 0 rH — for periods T 
= 0.5 see; 0 o — Chlorella vulgar/i; E] -  
natural phytoplankton in Gdansk Bay samples. 
The light impulses applied are presented 
schematically beside the diagram. 
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be caused by some variations in the composition of the plankton samples and by 
factors other than light. 
Of course these results from a small number of laboratory experiments are in 
a way only confirmation of earlier observations of the decrease in photosynthesis 
rate caused by excessive irradiation (Steemann Nielsen & Hansen 1959, Steemann 
Nielsen et al. 1962, Yentsch & Lee 1966). However, they also indicate that primary 
production may be inhibited by the fluctuations in irradiance observed in the sea, 
and suggest the need for more detailed investigations of the natural photic con-
ditions in the marine environment. 
FINAL REMARKS AND CONCLUSIONS 
The natural light in the sea undergoes considerable changes in time caused by 
the complex influence of dynamic factors in the atmosphere and at the sea surface. 
Apart from changing from day to day and season to season, the irradiance also 
fluctuates strongly during the course of the day, changing two- or threefold or 
more within a few seconds owing to atmospheric conditions, or within fractions 
of a second due to the influence of the sea surface. Thus very variable irradiation 
conditions, quite unlike- those in a terrestrial environment, prevail in the most pro-
ductive upper layer of the sea, and may have an important effect on the photosynthesis 
of organic matter. These conditions are not reflected in the data on the average or 
total irradiation and are rarely recorded, but their variation can be related approxi-
mately to meteorological conditions, and three types of such conditions can generally 
be distinguished: irradiation conditions characteristic of cloudless, or almost cloudless 
weather (cloud cover 0-2), irradiation conditions characteristic of medium cloud 
cover, with medium or strong, winds (cloud cover 3-7), and irradiation conditions 
characteristic of total or almost total cloud cover, or fog. In the first case, only 
short-period, but very strong fluctuations in irradiance occur in the upper layer of 
water even when wave movement is small; in the second case, the changes in irra-
diance are the most complex, as fluctuations due to cloud dynamics overlap those 
caused by waves; in the third case, the irradiance is relatively stable, but its average 
level — and thus the total daily irradiation (in the region of Gdansk Bay) — is 50 %-
65 % less than in sunny weather in the same season. The statistical distribution of 
certain conditions in time can be estimated from meteorological observations. 
These strong fluctuations in irradiance must be assumed to influence primary 
production as they are several orders of magnitude faster than the photoadaptation 
ability of phytoplankton cells. The different irradiation conditions characteristic 
of the different types of weather presumably limit photosynthesis in various ways, 
changing the vertical distribution of primary production during the course of the 
day and from day to day and season to season (see Table 1). 
9 19913-7-1 
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Laboratory investigations carried out in artificially controlled irradiation con-
ditions seem to confirm the above assumption. Sudden fluctuations in irradiance 
and light overdoses caused substantial decreases in the carbon assimilation rate of 
all the examined samples of Chlorella vulgaris and natural plankton from Gdansk Bay. 
Primary production may also be influenced by fluctuations in temperature con-
nected with these changes in irradiance. 
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SOME FACTORS LIMITING PRIMARY PRODUCTION IN 
THE COASTAL WATERS OF THE SOUTHERN BALTIC 
Barbara Malewicz 
Polish Academy of Sciences, Geophysical Institute, Department of Oceanology, Sopot, Poland 
Samples of coastal sea water were enriched with nutrients, trace elements and 
vitamins, and the effect on the rate of photosynthesis and phytoplankton 
productivity was studied. The water samples were taken from the surface and 
bottom layers just after the spring and during the autumn bloom of the phyto-
plankton, at five stations in the southern Baltic. 
The rate of photosynthesis was determined on natural phytoplankton 
taken from the same water region. The measurements of the production of 
organic matter by phytoplankton were performed on test organisms: Scene-
desmus quadricauda (Turp.) Breb. (coil. Greifswald) and Chlorella vulcaru Beijerinck 
(colt. Westerdijk). 
The addition of nutrients (PO4'--, NO3-, SiO3--) did not have a significant 
effect on the level of primary production. 
The addition of trace elements (Fe, Mn, Mo, V, Zn, Cu, Co, B) produced 
a several fold increase in the rate of photosynthesis and the production of 
organic matter of the phytoplankton. The addition of vitamins (vit. B1,,, vit. 
Bl, vit. B., folic acid, thymine, calcium pantothenate, nicotinic acid and inositol) 
increased the production of organic matter in only two cases, and did not 
have any effect on the level of photosynthesis. 
Investigations of primary production in the coastal waters of the southern Baltic 
have shown that it varies during a one-year cycle, achieving a maximum of about 
100 mg C/m3hr (Dera 1966, Malewicz 1973). 
Seasonal changes in primary production are closely related to cyclic variations 
in the nutrient content. It has been postulated that in certain periods of the annual 
cycle, the amount of nutrients limits the level of photosynthesis in the sea (Collier 
1970, Caperon 1972, Thomas 1972), but no experimental investigations on this 
subject have been carried out for the southern Baltic. 
EXPERIMENTAL 
Samples of sea water were taken twice: on 5 June 1972, i.e. in the period when a decrease in the 
phytoplankton is observed after the spring bloom, and on 3 September 1972, during the autumn 
bloom. Surface and bottom water samples were taken with a 5-litre plastic bathometer at the five 
stations marked on the map in Fig. 1. 
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Fig. 1. Location of the study area. 
The sea water was filtered through a 25-,um-mesh nylon net and then through a 0.45-urn-pore 
Sartorius membrane filter. Sufficient sodium chloride was added to the samples to ensure that their 
salinity amounted to about 10 0/ 00. Only the sample from the bottom of Gdadisk Deep, station 2, 
showed a salinity of almost 14 °/oo 
The sea water was then stored in plastic bottles at a temperature of 4°C. Before the experiment 
was begun, it was heated to the required temperature (17°C or 25°C) and 10 ml of nutrient, trace 
element or vitamin solution was added per litre; 
A. nutrient solution 	 Molybdenum (as ammonium 
di-Potassium hydrogen phosphate 0.4 g 	 molybdate) 	 2 /pg 
Sodium nitrate 	 8.5 g 	C. vitamin solution 
Sodium silicate 0.58 g Thiamine 	 400 mg 
Distilled water to 1 000 ml 	 Nicotinic acid 	 75 mg 
B. trace element solution 	 Calcium pantothenatc 	 5 mg 
Ferric iron (as chloride) 250 mg 	Biotin 	 50 Ecg 
Zinc (as chloride) 	 15 mg Inositol 250 mg 
Manganese (as chloride) 	200 mg 	Folic acid 	 0.1 mg 
Cobalt (as chloride) 	 150 feg 	 Thymine 80 mg 
Copper (as chloride) 0.5 mg Vitamin B 5 	 2 mg 
Boron (as boric acid) 	 1 mg 	Vitamin B10 0.2 mg 
Vanadium (as sodium vanadate) 10 pg Distilled water to 1 000 nil. 
Natural phytoplankton was sampled at the same time as the sea water, at station 2. The phyto-
plankton was collected with a No. 25 standard plankton net (Newell 1963). The plankton sample was 
filtered through a 100 ,um net, to separate it from the zoopiankton. The phyroplankton was centrifuged 
for 5 min at 2 500 r.p.m. and 10 mg phytoplankton dry matter per litre was suspended in the sea 
water enriched with nutrients, trace elements or vitamins. 
The samples of phytoplankton suspension were incubated for 18 hr in an illuminator at a tem-
perature of 17°C with constant lighting of about 4 000 lux. The rate of primary production of phy- 
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toplankton in the samples was measured by the 14C method (Strickland 1965, Carlberg 1972), the 
samples being incubated with 14 C labelled NaHCO3 for 6 hr under the conditions described above. 
RESULTS 
The results shown in Figs. 2A and B are the average values of three simultaneous 
measurements carried out on each sample. These indicate that the addition of trace 
elements to sea water increases the primary production of phytoplankton irre-
spective of the place from which the sample was taken. For the samples studied, 
this increase amounts to between 40 % and 500 %. The smallest increase in photo-
synthesis after the addition of trace element solution was observed in plankton sus-
pended in samples of bottom water taken from Gdansk Deep. This would indicate 
that the bottom water from Gdansk Deep is richer in microelements than the other 
samples of sea water. It can, however, be assumed that sea water does not contain 
sufficient quantities of assimilable trace elements to permit unrestricted photosyn-
thesis, and that the contents of trace elements in the water of the southern Baltic 
limit photosynthesis. On the other hand, the nutrient and vitamin contents are suf-
ficient to permit unlimited photosynthesis in the natural phytoplankton of these 
waters. 
The distinctly lower level of photosynthesis observed in phytoplankton sus-
pended in the water sample from station 1 would seem to suggest the presence 
of growth inhibitors in this water. 
Fig. 2. A. The influence of the addition to sea water of nutrients, trace elements or vitamins on the 
growth of natural phytoplankton collected on 5 June 1972. White columns indicate surface water, 
hatched columns indicate bottom water sampled at the five stations marked in the map. a = untreated 
sea water, b = sea water plus nutrients, c = sea water plus trace elements, d = sea water plus vitamins. 
B. The influence of the addition to sea water of nutrients, trace elements or vitamins on the growth 
of natural phytoplankton collected on 3 September 1972. White columns indicate surface water, 
hatched columns indicate bottom water sampled at the five stations marked in the map. a = untreated 
sea water, b = sea water plus nutrients, c = sea water plus trace elements, d = sea water plus vitamins. 
z0 
The measurements of the production of organic matter by phytoplankton were 
performed on pure test cultures of Ch/oro/la vulgaris Beijerinck (coli. Westerdijk) 
and Scenedesmnus quadricauda (Turp.) Breb. (coil. Greifswald). The surface and bottom 
water taken on 3 September 1972 were used. 
One millilitre (106 cells) of a stock culture of one of the test organisms grown 
on artificial medium (Necas 1970) was inoculated into 1-litre samples of enriched 
sea water prepared as described above. The samples were incubated for 5 days at 
a temperature of 25° C with constant illumination of 4 000 lux and aeration. After 
incubation, the cells were separated from the water by filtration and dried, and their 
biomass was determined (Nalewajko 1966). 
The results of the determinations of the biomass of C. vulgaris and S. quadricauda 
are given in Table 1. They are in agreement with the results of the experiment carried 
out on natural phytoplankton. The addition of Fe, Zn, Mn, Mo, V, B, Cu, Co to 
the water almost doubled the biomass production of the organisms. No important 
changes in the production of biomass were noted after the addition of the nutrient 
solution. The addition of vitamin solution did not increase the production of bio-
mass in S. quadricauda to any considerable extent, except in the surface water from 
stations 3 and 4 (50-60 %), and had no influence on the development of C. vulgaris 
in the same conditions. 
TABLE 1. The effect of the addition of nutrients, trace elements and vitamins on the growth of 
C. vulgaris and S. quadricauda. 
Biomass production mg dry cot/1 
C. culgaris 	 S. quadricauda 
srarion 	I sta water 	surface 	botrom 	I surface 	I bottom 
1 control 	(untreated) 	................... 23.0 20.8 25.8 24.0 
plus nutrients 	........................ 25.1 24.2 29.1 21.3 
plus 	trace elements 	................... 38.3 33.1 42.7 38.7 
plus 	vitamins 	........................ 22.9 23.7 26.6 25.4 
control 	(untreated) 	.................... 43.5 51.4 53.5 59.4 
2  plus nutrients 	........................ 48.4 53.2 58.2 61.3 
plus 	trace elements 	................... 91.2 101.0 108.0 92.1 
plus 	vitamins 	........................ 47.7 57.6 63.0 59.0 
control 	(untreated) 	.................... 31.2 30.5 32.1 31.8 
3 plus nutrients 	........................ 28.7 31.1 33.0 30.5 
plus trace elements 	................... 53.9 49.2 48.6 52.9 
plus 	vitamins 	......................... 33.0 29.7 42.7 35.6 
control 	(untreated) 	................... 36.2 33.2 28.7 29.4 
4 plus nutrients 	........................ 39.7 35.9 30.1 32.5 
plus trace elements 	.................. 68.5 70.4 52.0 46.8 
plus 	vitamins 	........................ 38.1 37.9 47.3 30.0 
control 	(untreated) 	................... 28.9 33.8 25.1 26.8 
5 plus 	nutrients 	........................ 32.5 31.6 24.7 28.5 
plus trace elements 	................... 49.3 39.2 36.8 43.1 
i 	plus 	vitamins 	........................ 30.8 j 	34.4 29.2 30.8 
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The complete lack of data on the quantities of trace elements in the waters of the 
southern Baltic makes it impossible to carry out a detailed analysis of the roles of 
the individual elements, but considerable importance may be ascribed the the influence 
of the elements for which there is a great demand, such as Fe, Zn, Mn (Lewin 1971, 
Riley 1971). 
The present results point to the conclusion that, whatever the influence of the 
nutrient content on primary production in the sea, the content of trace elements 
is an important controlling factor. 
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PRIMARY PRODUCTION OF MACROALGAE MEASURED 
BY THE 14C METHOD 
Inger Wallentinus 
Institute of Botany and Askö Laboratory, University of Stockholm, 
S-104 05 Stockholm 50, Sweden 
A preliminary study of the primary production of macroalgae from the northern 
Baltic proper was made in situ by the '4C method with the species Cladophona 
gloraerata (Chlorophyta), Dictyosiphsn foeniculaceus (Phaeophyta), and Ceramiam 
lenuicm:ne (Rhodophyta). Nitrogen and/or phosphorus compounds were added 
to some of the series. The exposed algae were dry combusted and counted 
in a liquid scintillation system. 
The magnitude of productivity was 1.t-12.s mg C/g dry wt of algae per 
hour. The greatest variation occurred within the same species. The dark 
fixation of '4C was 0.1-5.3 per cent of light photosynthesis. The dark fixation 
in the series with added ammonium was 206-1 036 per cent of the controls. 
The addition of phosphate or nitrate gave no or only a slight increase in dark 
fixation. The addition of nutrients slightly increased or decreased the primary 
production. 
This preliminary study of the primary production of macroalgae was made in 
the summer of 1972 with the intention of developing a method exact enough to 
reveal small differences in primary production but simple enough to carry out in 
the field without electricity and laboratory facilities. 
Oxygen measurements had proved troublesome in a previous series of experi-
ments, because gas bubbles were formed within delicately branched filamentous 
algae (as the initial oxygen concentration of the water in the vicinity of algal belts 
is often very high), and it was decided to try the 1°tC method. 
In investigations of benthic macroalgae, a routine method for 14C measurements 
has not yet been developed. Some authors have counted algae fixed in ethanol 
(e.g. Johnston & Cook 1968, Drew 1969, Raju 1971) or dried the algae on planchets 
and calculated zero thickness activity (e.g. Wood 1968) or ground the algae and 
filtered them before counting (e.g. Waite & Mitchell 1972). As difficulties are caused 
by the interaction of pigments or self-absorption of activity in these cases, com-
bustion of the algal material seemed to be the most reliable method and was adopted 
for this study. Both wet combustion (e.g. Wetzel 1964) and dry combustion (e.g. 
Davies 1970, Schmitz et al. 1972) have been used for benthic macrovegetation. 
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The aim of this preliminary study was also to see if the primary production was 
influenced by the addition of certain nutrients. As most algae can use various kinds 
of inorganic nitrogen compounds (Syrett 1962), ammonium nitrate xvas chosen 
as nitrogen source. The addition of nutrients in the experiment exposed the algae 
to a nutrient concentration that, though high, could probably exist in nature. 
MATERIAL AND METHODS 
Small tufts of C/adop/ora glomerala (L.) Kutz. (Chlorophyta), Diclyosiphon foe titu/aceut (Huds.) Grev_ 
(Phaeophyta), and Ceramiirm len ticorne (Kiitz.) Warn (Rhodophyta) with a dry weight of about 50 to 
200 mg were collected from the upper littoral zone of the rocks at different stations in the area between 
the town of Trosa and the Asko Laboratory, northern Baltic. 
The algae were placed in closed glass bottles of about one litre containing seawater from the 
station. Four series were run: one control and three series to which were added nitrogen (N) and/or 
phosphorus (P) compounds. Each series contained three light bottles and one dark one, and the light 
bottles were mixed so that one control, one N bottle, one P bottle, and one N+P bottle were exposed 
at the same time. The nitrogen was added mostly as NH1NO1  to give a concentration of 1 000 /gig N/I. 
In one series a comparison was made between bottles with additions of NaNO3, NH4 C1 and NHS NO.;  
(all at concentrations of 500 ,etgN/l. The phosphorus was added as Na,HPO9 , mostly to give a con-
centration of 200 Mg P/1. 
One millilitre of Na,1''CO3 solution containing 5 /.tCi was added to each bottle immediately 
before exposure. The Na,14CO3 solution was prepared from a stock solution of Na,14CO3 with a 
specific activity of 546 btCi/mg (Radiochemical Centre, Amersham, England) by dilution with glass-
distilled water; the alkalinity was adjusted with inactive Na,CO3 and the pH to 9.5. The ampoules 
were sterilized by autoclaving. 
The bottles hung in the water at depths of 30-40 cm, being attached to a frame anchored at the 
station where the algae were collected. They were exposed to light for 2-3 hours at noon. 
After exposure the water was filtered off from the algae and they were thoroughly rinsed with 
water and wiped with filter paper. They were then directly deep-frozen on dry ice and transported 
to the laboratory. The deep-frozen algae were later freeze-dried, weighed, put into polycarbonatic 
capsules and dry combusted with oxygen in a catalytic furnace at 700°C (Oxymat, Intertechnique). 
The carbon dioxide produced was absorbed in phenethylamine in a scintillation solution directly 
in the scintillation vials (Scintillation solution: 330 ml phenethylamine, 220 ml methanol, 400 ml 
toluene, 50 ml dist. water, 7 g butyl-PBD). They were counted in a Beckman DPM-100 liquid scin-
tillation system. The activity of the ampoules was determined in the same manner as that of the 
algal material. The activity of the algae was calculated as cpm/g dry wt of algae per hour. 
The productivity (mg C/g dry wt per hour) was calculated from the formula (Goldman e/ al. 
1969: 72): 
C 	_ 14Cass.  X 1.06 X 12Ca"ilab e  x volume 
ass. — 	 14C 
availnblc 
(No correction was made for dark fixation or respiration; 1.06 is a correction for the discrepancy 
between the absorbance of 14C and that of 12C during photosynthesis.) 
The environmental factors measured during exposure were salinity, temperature, pH and light 
transmission at different wave-lengths (as relative values). The total radiation energy was recorded 
10 19913-7-1 
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at the Askö Laboratory with a solarimeter integrator (Kipp & Zonen CC1). The alkalinity and 
the inorganic carbon content of the water yvas calculated by using the formulas and tables of Buch 
(1945: 18, 91 and diagrams in appendix) for the northern Baltic proper. 
Material was taken from the same population of algae for the determination of chlorophyll, 
nitrogen and phosphorus. The chlorophyll content was determined immediately in the laboratory 
with a modification of the method for plankton used by Tolstoy (1969) and calculated with the 
equations of Parsons and Strickland (1963). The chlorophyll content was then corrected to mg 
chlorophyll a/g dry wt. 
RESULTS AND DISCUSSION 
The results (Table 1) discussed here are based on a small number of experiments 
and shall therefore be interpreted more as tendencies than as certain values. 
TABLE 1. Production in mgC/g dry wt per hour (not corrected for dark fixation or respiration). 
Species 	Statioa ChlorophyllI Con,rol N added P added N+ P added Dark 6satioo as % 
Date a -SIg of control 
Li.6! %dark Li76u °/dark Lrgir! j' duk Lieb! %dark dry av, 
Dark 6s. Dark 6s. Dark 6s. Dark fis. N-added P-added (N±P) 
added 
Digir c osiohon Askö 1.29 4.29 1.9 - 	- - 	- 4.12 	3.9 - - 206 
13.7 0.082 0.162 
Lcramiumt) Askö 0.34 8.60 0 8 8.23 	2.3 8.48 	_ 7.70 	2.6 286 - 303 
21.7 0.066 0.189 - 0.200 
Cladophvra (Askö 0.41 2.44 0.4 1.14 	5.3 2.73 	0.4 1' 1i 	4.4 610 120 500 
28.6 0.010 0.063 0.012 0.050 
Cladophora Porskar 1,02 3.38 Ö,3 2.79 	2 .0 1.96 	0.4 2.03 	3.1 518 73 582 
2.7 0.011 0.057 0.008 0.064 
Cladophora Askö 3 .46 9.42 0.1 10.08 	1.4 72.75 	0.1 9.88 	1.0 1 036 134 806 
15.8 0.014 0.145 0.019 	I 0.103 
NH,,NO, NaNOa NH,CI NH,NO, NaNO, NH,CI 
added added added 
Lladopisora) Askö 0.77 2.64 0.8 1.78 	5.3 2.27 	1.4 1.98 	4.7 453 148 439 
12.7 0.021 0.095 1 0.031 0.092 
1) 500 /.eg N/1 and 100 yg P/1 added. 22) 500 jig N/1 added. 
Some differences in productivity between the species can be found (Table 1) 
but the temporal variation within the same species at the same station is greater 
than the interspecific variation. This is probably due to the content of pigment 
(chlorophyll a) of the algae. In Cladophora glonlerata a good positive correlation 
(Fig. 1) is found between productivity and chlorophyll a content (of course more 
values are needed to confirm this correlation). For the two other species further 
studies must be performed, before any definite conclusion can be drawn, but they 
probably have not the same relationships between productivity and chlorophyll a 
-content as Cladophora. 
The size of productivity in Cladophora o%rnerata in this study is about the same 
as that found by Wood (1968) in incubator studies of Cladophora glomerata from the 
Great Lakes. His values varied from <1 to 12.6 mg C/g dry wt per hour (converted 
from jsmol/g ash-free dry wt of algae per hour). The productivity values in Wood's 
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Fig. 1. Productivity of control series of 
Cladophora glornerata compared with the 
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studies were highest in spring (5-12 mg C/g dry wt per hour), when the illumination 
favoured production. In summer his values were lower (< 1-4 mg C/g dry wt 
per hour), production being inhibited by strong illumination. He also found that 
more strongly pigmented algae had a higher production. 
The influence of added nitrogen and/or phosphorus on production shows no 
uniformity. In some cases the P series had the highest values, but in others the 
controls had the highest. The N or Nu-P series never had the highest values but they 
could show a slight increase compared with the control. 
Waite and Mitchell (1972) studied the effect of the addition of combined NH4 -N 
and PO,-P on the production of Ulm lactuca L. (Chlorophyta) in a chemostat. 
They found that a concentration of nitrogen as high as 1 100 I-eg N/i did not increase 
production if the phosphate concentration was too low (39 eg P/1) or too high (775 
teg P/1). The concentrations giving the highest production in their study were 600 
g Nil together with 500 µg P/1. The productivity was then about 8 mg C/g dry 
wt per hour, whereas without the addition of nutrients it was about 2 mg C/g dry 
wt per hour. However, they did not find a decrease in productivity at higher con-
centrations of nutrients compared with the control. 
Raju (1971) applied ammonium sulphate, among other nutrients, to Ulva fasciata 
(Chlorophyta) and found an increase in '°C activity compared with the control of 
about 20 per cent in ethanol soluble fractions and 10 per cent in insoluble fractions. 
The decrease in productivity with added nutrients compared with the control 
in some of the present experiments is rather difficult to explain. One reason could 
be that ammonium N assimilation by nitrogen-deficient cells is often accompanied 
17Q 
by rapid respiration, whereas photosynthesis is not increased in the same marked 
manner (Syrest 1962). Ryther and Dunstan (1971) report reduced growth of plank-
tonic algae in experiments in which phosphate was added. 
The dark fixation of carbon dioxide was 0.1-5.3 per cent of light photosynthesis. 
The control and P series showed the lowest values and the P series showed no signifi-
cant difference from the control. The N and NH-P series were very similar and 
showed an increase in dark fixation. There were highly significant differences between 
these series and the control and P series. Additions of NH4 + and NH,NO3 resulted 
in the same high level of dark fixation, while additions of NO3 - only slightly in-
creased dark fixation compared with the control. 
Akagawa et al. (1972) reported that most of the 19C from dark fixation was found 
in amino acids in brown and red algae but in both amino acids and organic acids 
in green algae. As the algae are able to assimilate ammonium faster than nitrate in 
the dark (Syrets 1962), the ammonium ions can be used in synthesizing amino acids 
and peptides by using organic acids in reductive amination (Jacobi 1957, Fowden 
1962). Thus a biochemical consequence will be a lack of organic acids, which will 
therefore be synthesized by increased dark fixation. This increased fixation of 1 C 
in cells growing in ammonium-rich medium has been reported by, e.,g., Syrest (1956) 
and Holm-Hansen (1962). 
With the aim of studying nitrogen deficiency, Morris et al. (1971) examined the 
dark fixation of phytoplankton with and without added ammonium ions. They found 
that the dark fixation of carbon by phytoplankton did not increase in their area 
when ammonium ions were added, which indicated that the cells were not nitrogen-
deficient, even if the size of the population was limited by nitrogen. If the phyto-
plankton was incubated until it had depleted the nitrogen in the water, and was 
nitrogen-deficient, dark fixation increased when ammonium ions were added. 
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THE INFLUENCE OF EMBANKMENTS ON THE PRIMARY 
PRODUCTION OF PHYTOPLANKTON IN THE 
ARCHIPELAGO OF FÖGLÖ, ÅLAND 
Jan Westerberg 
Institute of Biology, Åbo Akademi, SF-20500 Åbo 50, Finland 
The primary production of phytoplankton was measured in rrtu by the 'C 
method at three localities with embankments. The stations were all situated in 
long channels, where water currents are a more important ecological factor 
than wave action. The embankments create stagnant conditions, or considerably 
decrease the flow of water. At some of the stations the macrophytes form a 
carpet on the bottom in shallow water, and the phytoplanktonic primary pro-
duction seems to be inversely related to the density of the bottom vegetation. 
However, there are indications that the total production of aquatic plants 
increases in places where embankments influence the flow of water. 
In 1972 and 1973 primary production of phytoplankton was measured by the 
14C method at localities where embankments had been built more than 10 years 
earlier. The purpose of the investigation was to discover changes caused by the 
embankments that lead to eutrophication. 
MATERIAL 
The localities studied are all sheltered, being situated in long channels. According to the terminology 
of Häyren (1900), all the localities belong to the »inner archipelago zone». Häyren also gives a 
scale of exposure from 0-3, where 0 means well-protected localities with a small adjacent water 
area and 3 represents places where strong wave action is almost constant. 
No. 1 Gollan. The open part of the channel Kyrksundet. Max. depth 7 m. The bottom vegetation 
consists mainly of Fucus vesicolo.ru.r and Cborda filtim. Exposure 2. Fig. la. 
No. 2 Gollan. A shallow bay west of the embankment. Max. depth 2.5 m. The dominant macro-
phytes are Polamogeton perfoliat r and P.pectinatus. Exposure 1. Fig. la. 
No. 3 Gollan. A shallow bay east of the embankment. Like station No. 2. Fig. la. 
No. 4 Killiogholm. The part of the bay seaward and east of the embankment. Max. depth 1.5 m. 
The bottom vegetation consists mainly of Focus vesiculosus and Polamegelenperfeliatus. Exposure 
1. Fig. 1b. 
No. 5 Killingholm. The part of the bay enclosed by the embankment, with a depth of 1.2 m. Species 
of Gbara and Potamogeton pectinatus dominate. Exposure 0. Fig. lb. 
No. 6 Överö. The water west of the embankment in the »open part» of the channel överösundet 
where the embankment has a 3-m-wide opening under a little bridge. The embankment is 
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about 25 times as long as the width of the opening. The depth is 1.5 m. The dominant macro-
phytes are species of Chara, Najas marina and Polamogelon pectznatuc. Exposure 0. Fig. id. 
No. 7 Överö. The water west of the embankment in the closed part of the channel. The depth is 
about 1 m. The bottom vegetation consists of Najas marina, Potamogeton pectinatns and Chara. 
Exposure 0. Fig. 1d. 
No. 8 Överö. The water east of the embankment in the closed part of the channel. The depth is 
about 0.7 m. Chara and Najar marina dominate. The depth of the free water above the car-
pet of macrophytes is 0.3-0.5 m. Exposure 0. Fig. Id. 
METHODS 
The light day (sunrise to sunset) was divided into five equal periods, and exposures were made over 
the periods I14-III, in silo with 120-m1 Jena bottles according to Vollenweider (1971). After filtration 
the dried filter was laid in a scintillation bottle and dissolved in 1 ml acetone. Five grams of Omnifluor 
in 1 1 of toluole was used as scintillation liquid, its activity being 0.4 one day after preparation and 
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Fig. 1. The study area. a) The stations at Gollan. The embankment lies 
south of Gollan. The northern part of the channel Kyrksundet is open, 
since there is a bridge between Gollan and Degerö. b) The stations at 
Killingholm. c) The archipelago of Föglö. d) Överö. The little bridge 
with a span of 3 m lies south of the small island. 
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decreasing after a few days. The activity was measured with a LIiB-Wallac liquid scint;llation counter 
at the Institute of Biology of Abo Akademi. The CO, content (mg/I) was determined with the tables 
of Buch (1945). The daily primary production per square metre was estimated according to Vollen-
weider (1971). 
RESULTS AND DISCUSSION 
GOLLAN 
The values for primary production at the Gollan stations are shown in Fig. 2a, 
except those at station 3, which are of the same order as the values of station 2. 
The highest value, 82 mg C/m' day, was recorded for station 2 in July 1972. On 
the same day, the production of station I was 55 mg C/m" day. The values are es-
timated for a column 2 m deep at each station. Since the production below this 
depth was not considered, the production per square metre at station I was in fact 
greater. The values in Fig. 2a indicate the quality of the water rather than the total 
primary production of phytoplankton. According to the values from spring 1973, 
the primary production seems to start earlier in the artificial bays created by the 
embankment, where conditions are more favourable than at station 1. The closed 
part of the channel evidently acts as a »nutrient trap» , catching nutrients washed 
from nearby houses and cultivated land. 
During the late summer, Coelosphaeriurr sp. dominated in the phytoplankton 
and in May the dominant species were Synedra, ulna and Diatoma vu/gore. No dif-
ferences in species composition could be observed between the stations. The density 
varied, being highest in the artificial bays. 
KILLINGHOLM 
Station 5 at Killineholm dillers from station 4 and all the Golland stations in the 
thick carpet of macrophytes on the bottom. During summer 1972 the primary pro-
duction values at station 5 were lower than at station 4 (Fig. 2b). In July 35 mg 
C/m'- day was measured at No. 4 and 28 mg C/m2 day at No. 5. In August the dif-
ferences were greater. In contrast, in May the primary production was 2.5 mG, C/m' 
day at No. 4 and 3.8 mg C/m2 day at No. 5. These results might be explained by 
the fact that, although the macrophytes had not reached a high level of production 
in the spring, by the summer their production led to a lack of nutrients, and phyto-
planlctonic production decreased in consequence. In May 1973 the CO_ content of 
the water at both stations was 13 mg/l. In July 1972 the content was 15 mg/1 at sta-
tion 4 and 11 nig/l at station 5. At the same time the pH values were 8.3 and 9.0, 
respectively. These values suggest that the total production of aquatic plants 
may be higher at station 5 inside the embankment. Such a possibility is sug- 
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Bested by the discussion of Jonasson (1969) concerning the influence of macrophytes 
on the primary production of phytoplankton. No differences in salinity have been 
observed between the two stations. 
In late summer 1972 Coelosphaeriunr sp. dominated on each side of the embank-
ment. In May 1973 species of Cyclotella and Asterionella, and Synedra ulna were found 
at station 4. Station 5 had Spirogyra spp., Diatorva vindare and Synedra uhan. 
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Fig. 2. The phytoplanktonic primary production. a) The primary pro-
duction in mg C/m' day at two stations at Gollan. The black columns 
relate to station 2, which is influenced by the embankment. The white 
columns represent station 1 in the open part of the channel. b) The pri-
mary production at Killingholm. The black columns represent station 5 
in the enclosed part of the hav. The white columns relate to station 4. 
c) The primary production at Överö. The black columns relate to station 
7. the white to station 6. 
ÖVERÖ 
The localities at Överö represent different parts of what is in fact a closed channel. 
The little opening under the bridge, south of the small island in the middle of the 
channel, does little to promote the throughflow of water but seems to allow nutrients 
to reach stagnant places during the summer. There is evidence that nutrients run 
short at the stations north of the island. Fig. 2c shows that the primary production 
remained at 14 mg C/m' day at station 6 during the summer, whereas the values 
decreased at No. 7. In spring, the values at No. 7 were higher than the values at 
No. 6. Station 8, which is not shown in Fig. 2c had values similar to those of No. 7. 
The same relation between the production of phytoplankton and the macrophytes 
could be observed at all the Överö stations as at station 5 at Killingholm. The CO, 
mg C 
n2d 
11 1.99123-74 
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contents varied between the three stations in summer: 15, 13 and 10 mg/1 at Nos. 
6, 7 and 8, respectively, in July 1972. The pH values were 8.5, 8.7 and 9.0. No vari-
ation was observed in spring: the CO, content being 15 mg/1, and the pH value 
8.4 at all the stations. 
In the late summer Coelosphaerium dominated in the phytoplankton. 
Acknowledgements 
This study was financed in part by Alands Landskapsstyrelse. Miss Kristina Granskog assisted in the 
field work and chemical routine. 
REFERENCES 
Buch, K. 1945: Kolsyrejämvikten i Baltiska havet. Fennia 68 (5): 1-208. 
Häyrén, E. 1900: Längszonerna i Ekenäs skärgård. Geogr. För. Tidskor., Helsingf. 12: 222-234. 
Jonasson, P. M. 1969: Bottom fauna and eutrophication. In: Eutrophicalion. Causes, consequences, 
correctives. Proceedings of a symposium. S. 274-305. Washington, D. C. 
Vollenweider, R. A. (ed.) 1971: A manual on methods for measuring primary production in aquatic 
environments. IBP Handbook 12. 
Merentutkimuslait. Julk./Haysforskningsinst. Skr. No. 239 (1975) 83-90 
EUTROPHICATION AND MASS PRODUCTION OF BLUE-
GREEN ALGAE IN THE BALTIC 
Ulrich Horstmann 
Institute of Marine Research, 23 Kiel, FRG 
Mass occurrences of the blue-green algae AphaniZonrenon fos-aquae and Nodularia 
spunvigem have been observed more often in the Baltic proper during the last 
few years. The present paper touches on some questions connected with the 
mass production of Cyanophyceae, such as the origin of the blue-green algae 
blooms, their limitation by nutrients, their nitrogen fixation and their role as 
nitrate suppliers. The agglomeration of blue-green algae is shown to be a 
biotic community, and some relations of these algae in the food web are exam-
ined. Some results of in sill, experiments and recent laboratory investigations 
are given. 
When Prince Albert of Monaco was sailing through the Gulf of Finland on his 
famous yacht »L'Hirondelle» in summer 1884, he observed »une grande quantite 
de petites algues». Since that time blue-green algae blooms, which is what he most 
probably saw, have been reported in the Baltic, in coastal areas, especially in the 
firths, halls and river mouths (Apstein 1902, Ostenfeld 1931, Välikangas 1926, 
Gessner 1957). The plankton blooms were generally caused by Aphani omenon fdos-
aquae and Nodularia spumigena, but Anabaena species were occasionally observed. 
Though the central Baltic phytoplankton populations were investigated on various 
expeditions (Trahms 1939, Bandel 1940), we have found very few early reports of 
mass occurrences of blue-green algae (Hensen 1887, Apstein 1902). In the last few 
years, extensive mass occurrences of blue-green algae have been repeatedly observed 
in the central Baltic, mainly during the summer; e.g. on the expeditions of »F.K. Alkor» 
in late summer 1969, 1971 and early summer 1970 and 1972. 
Blue-green algae can be observed in two different but merging forms. In the 
inner archipelago of the Swedish and Finnish coast as well as in the southern firths, 
in the haffs and river mouths, they stain the water olive green, while in the outer 
archipelago and in the open Baltic, the algae occur as whitish-yellow flakes. 
Mainly in calm weather, the trichome bundles of the blue-green algae tend to 
drift to the water surface. They can sometimes be so dense that they form a yellow-
whitish pulp. Particularly in the late summer one can travel for several hours through 
more or less concentrated patches of these Cyanophyceae. 
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The algae can form bands extending between less than 100 m and several km, 
at right angles to the direction of the wind. They reveal the occurrence of slicks, 
an effect of internal waves which occur in the thermohaline layer. 
Mass occurrences of blue-green algae were observed by us south of the Åland 
islands, and also during various voyages in the Baltic proper, and in the Belt Sea 
as far as the southern Kattegat. 
Inshore, the vertical distribution of blue-green algae usually extends through-
out the euphotic zone. Offshore, the depth distribution of Cyanophyceae seems to 
be strongly influenced by wind-dependent turbulence. In calm weather bundles 
of algal trichomes concentrate close to the surface. With increasing wind and de-
pending on wave height, they can also be found evenly distributed higher or lower 
in the water column. 
Aphanitiomenon Tior -aquae and Nodularia rpumigena, the two species of blue-green 
algae most often responsible for blooms in the Baltic, almost always occur together. 
The cells of Aphanir onsenon flos-agruae, formerly termed Limnochlide tor-aquae, are 
4-6 ,um wide and 5-15 um long. A. flos-aquae has heterocysts which are scarcely 
larger than the vegetative cells. The trichomes stick together to form a rhombus-
like structure. Sometimes they grow in cushion-shaped bundles, which can be more 
than 1 mm long and equally wide. 
The vegetative cells of Nodularia sparmigena are 10-16 um wide and 8-14 pm 
long. The heterocysts are slightly larger than the vegetative cells. 
The appearance of the trichomes varies. In waters with low salinity, in the inner 
archipelago and in the firths and Naffs, the trichomes of Nodularia spumigena are 
mostly stretched and can grow to several centimetres long. In the outer archipelago 
and in the open Baltic the trichomes are mainly twisted spirally (Fig. 1) and can 
form an agglomeration in which the chains of cells measure several centimetres. 
Under a microscope such a Nodularia agglomeration is seen to be a biotope for 
countless sessile and planktonic organisms (Fig. 2). Diatoms of the Navicarla type 
stick to the trichomes together with vorticells and Bryozoa. Different species of 
Cyanophyceae, Peridineae and numerous diatom species can be found in these 
flakes, their appendices and bristles entwined with the chains of blue-green algae. 
Large numbers of flagellates and planktonic ciliates occur as well as rotifers and 
adults and larvae of crustaceans. 
In riter experiments with blue-green algae were carried out in August 1972 at the Askö Laboratory 
in the Swedish archipelago, 60 km south of Stockholm. In this area the salinity is approximately 8 0/00 
and conditions are favourable for the growth of blue-green algae. Attention was mainly paid to the 
effects of the phosphate and nitrogen concentrations, since they influence the growth of blue-green 
algae as well as the number of heterocysts. The experiments were started shortly after the height of 
a blue-green algae bloom, when Nodularia spumigena was predominant over Apha;uZonrmon (Ilorst-
mann 1973). Twelve plastic bags in 2 frames containing 800 1 were filled with the surrounding 
water. In six bags the plankton had been concentrated five times with a net (56 um pores). During 
an experimental period of 3 weeks, the concentration of blue-green algae and the heterocyst number, 
TABLE 1. Growth rate of a plankton population (Nodularia spion/Sena dominant) held in plastic bags for 18 days. 
Plankton population Not concentrated Conccntr.iten with net c. 	4 a 
Nutrient supply 
Control 
PO, 	NH, NO, 
PO, NO PO., }NO, 
Control 
PO, 	NH, 	NO, 
PO, NO, PO.,1-NO, 
Initial 	concentration 	of nutrients lig at/l 2.8 	5.5 6.0 26.5 70.5 48.5 82.0 2.1 	6.5 	8.3 28 78 48 	70 
Chlorophyll concentration /eg/1 a c a 	c a c a 	c a a a a 
ist 	day 	............................. 3.5 <1 4.0 	<1 3.4 <1 3.9 	<1 15.3 14.4 17.3 18.0 
3rd 	day 	............................. 3.0 » 7.2 	» 4.6 <1 2.4 	<1 8.4 18.1 12.3 12.2 
6th 	day 	............................. 1.2 » 25.4 	» 3.1 <1 28.5 	2.0 18.4 32.1 12.0 25.8 
12th 	day 	............................. 2.9 » 42.6 	» 12.8 4.7 66.8 	3.1 20.6 74.3 22.6 44.6 
18th 	day 	............................. 5.4 » 52.4 	<2 28.3 8.4 56.6 	6.4 22.8 42.1 24.2 122.3 
Final 	concentrations 	of nutrients ,ug at/l 0.5 	1.5 0.6 8.0 7.0 19.0 	0.4 0.2 	0.5 	0.6 6.5 2.5 19 	0.8 
3 
9 
Fig. 1. 1) Nodularia spumigena. Trichome 
twisted spirally, as it appears in the outer 
archipelago and in the open Baltic. 2) Agglom-
eration of Modularia spumigena. 3) Kera/ella 
cosh/earls rednrvispina picking up single cells 
from a trichome bundle of Aphanl 'nmenon 
Elos-aquae. 
a 
S6 
which is nutrient-dependent, were examined. Besides the oxygen content, the chlorophyll and nutrient 
contents of the plastic bags were measured (Table 1). At the beginning and shortly after the end of 
the experiment the nitrogen-fixation capacity of the blue-green algae was determined. It can be 
seen that blue-green algae grow considerably when phosphate is added. This growth can only be 
exceeded when both phosphate and nitrate are added. When only nitrate is added, there is a small 
increase in production as compared with the control, but this is due to the blooming of a diatom 
population, as is shown by the chlorophyll c values. 
The index used to test the influence of the nutrient supply on the development of heterocysts 
was the number of vegetative cells per heterocyst (Table 2). The results agreed with the observation 
made by Stewart et al. (1969) in in vitro experiments that nitrogen causes a deficit of heterocysts 
in blue-green algae. An increase in heterocysts could be observed as soon as nitrogen became 
deficient. 
The nitrogen-fixation ability was also significantly higher in populations with a greater number 
of heterocysts. The determination was made by the method of Steward el al. (1971) as modified by 
Granhall el al. (1971), whose measuring apparatus (flame ionization detector) we were kindly allowed 
to use. The samples were incubated at five standard depths for 2 hours at noon (Table 3). It is not 
possible to draw general conclusions from these values with regard to the N-fixation per m" and 
year for Baltic areas, but we found that, for instance, at station 1, our values were about 10 % below 
those obtained by Granhall el al. in Lake Erken in August 1972. Granhall calculated an annual rate 
of around 3 g N/rn2 for Lake Erken. 
TABLE 2. Influence of nutrient supply on the development of heterocysts. Heterocyst frequency 
expressed as number of vegetative cells per heterocyst. 
Plankton population 	Not eonccntrated 	 Concentrated with net C. 4 x 
Nutrient supply 	 Control 	PO, 	NO, 	PO,±NO,, 	Control 	PO, 	NO, 	PO,}NOs 
Initial number 31 	29 	7 	30 	28 	14 	10 	16 	32 
TABLE 3. Relative nitrogen fixation ability of a plankton population (Nodularia spunigena dominant) 
after being held in plastic bags for 18 days in different nutrient concentrations; and of a 
natural Apbanitionnnon efor-ageeae bloom at three different stations. 
Acetylene reduction (n moles CH,/sample x 2 hr) 
Control I PO, 	NO, 	P0,+ NO, I Aphanizomn;mr bloom 
Depth (m) 	 St. 1 	St. 2 	1 St. 3 
0 ............................ 	0.32 	1.35 	0.56 	0.46 	0.84 0.18 	0.74 
1 ............................ 	- 	1.57 	0.76 0.32 	1.22 	- 0.69 
2 ............................ 	0.21 	0.43 	0.84 	- 	0.92 	0.08 	0.54 
4 ............................ 	0.18 	0.94 	0.32 0.14 	0.45 	0.04 	0.23 
8 ............................ 	0.02 	0.14 	0.02 	0.04 	0.09 	0.00 0.04 
The results of the in sita experiments yielded some clues but no definite answers 
to the many open questions about the blue-green algae in the Baltic. 
So far, our conclusions regarding the regional origin and distribution of the 
algae must be based on measurements of hydrographical parameters and various 
biological facts. 
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Ostenfeld (1931), who describes Aphani~omenon flos-aquae as a fresh-water species, 
states: »A new invasion takes place every year from the rivers and lagoons bor-
dering the Baltic». Apstein (1902) believes that blooms of Aphaniomenon filos-aquae 
only develop when the fresh water of the lagoons and rivers mixes with the salt 
water of the sea. He writes that Aphanitiorrrenon flos-aquae does not enter fresh water. 
Wesenberg Lund's (1900) observations indicated that Aphaniromenon filos-aquae 
germinates at 12° C, but only begins to increase at 18° C. However, in May 1973 
when the water temperature was less than 9° C, we observed a striking bloom of 
Aphanitiomenon filos-aquae in the area of Landsort deep, and Wellershaus (1963) found 
Aphanitionnnon ftos-aquae in the Gotland deep almost throughout the year, its density 
being relatively high even during the winter. 
Chlorophyll a 
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As far as the salinity is concerned, at least Nodularia spsl nigena can grow in the 
entire central Baltic. In vitro experiments with pure cultures of Modularia showed 
good development between 5 °/oo and 25 °/„p S (Fig. 2) of a Node/aria stock which 
was bred at 8 0/ 00 S. Thrams (1939) even reports Node/aria spumigeza and Aphani7o-
menon flos-aquas from the North Atlantic and Mediterranean. 
The phosphate content appears to be most important for the growth of blue-
green algae blooms in the Baltic. Trahms (1939) and Kalbe & Tiess (1963) report 
Modularia blooms in phosphate-rich waters. Our experiments have shown to what 
extent the addition of phosphate stimulates the growth of Cyanophyceae. We feel 
almost certain that the blue-green algae blooms in the Baltic originate mainly from 
those areas of the coast where large amounts of phosphate can be found in the water. 
Such are the mouths of the Odra and Weichsel and the strongly eutrophicated 
firths and halls, as Apstein (1902) and Ostenfeld (1931) have correctly observed. 
Today, though, many more sources of phosphate can be found along the Baltic 
coast owing to the increase in the discharge of sewage. 
The Cyanophyceae blooms normally appear after the spring bloom, which mainly 
consists of diatoms. The time of their occurrence may be determined by their tem- 
M 
perature tolerance and low need for nitrate nitrogen. The algae are driven to off-
shore areas by the land breeze and south-westwards by the Baltic stream, and can 
certainly develop further as they drift. The production of blue-green algae in off-
shore areas should not be overestimated; it is more a question of a mass collection 
of Cyanophyceae than of their mass production. 
A blue-green algae bloom behaves completely differently from most of the other 
phytoplankton blooms, which when not grazed sink to lower water layers or to the 
bottom after they die. Cyanophyceae drift to the upper water layer as a result of their 
gas vacuoles. Even after they die, the trichomes can remain there for a long time. It is 
therefore not surprising that some kind of accumulation has taken place by the 
second half of the summer, when the strong blue-green algae concentrations in the 
central Baltic proper are observed. In addition, during this time of the year the 
weather in this area is normally calm, which favours the emergence of the algae 
at the surface. 
When nutrients are scarce, especially during summer, after the diatom bloom, the 
occurrence of great quantities of blue-green algae can strongly influence the nutrient 
content of the upper water layers and the production of other phytoplanktonic 
organisms. High production has been found in areas with mass occurrences of blue-
green algae, and a relatively high chlorophyll a to c ratio. One of the reasons may be 
that the chlorophyll a molecule in the freely suspended plastids of the blue-green 
algae is more quickly reduced through damage by light when they rise to the water 
surface, because the chloroplasts which stabilize the pigments are missing. This may 
be the explanation of the whitish-yellow appearance of the trichome bundles drifting 
at the surface. 
Dead blue-green algae can thus give rise to blooms öf other phytoplankton 
organisms in oligotrophic areas by passing on nitrogen fixed from the air, and phos-
phate transported from inshore areas. This applies in particular to the diatoms, 
for which nitrogen is mostly the limiting factor, since they take up nitrogen and 
phosphate at a ratio of 15 : 1 (Cooper 1937, 1938). 
Observation of fresh material in the microscope shows one way in which the 
blue-green algae enter the food chain directly. Rotifers of the species Keratella 
quadrata and K. cochlearis recurvispina are able to bite single cells from the trichome 
bundles of Aphaaizonnenon ffos-aquae (Fig. 4). We have constantly met very large 
numbers of rotifers in fresh material, and in our opinion their role in the Baltic 
has been underestimated. The reason may be that the specimens have been con-
tracted or dissolved beyond recognition in the preservative normally used, as sug-
gested by Lauterborn (1942), who recommended the method of preservation of 
Rousselett (1902). Many other zooplankton organisms are found in agglomerations 
of blue-green algae, such as ciliates, radiolarians and larvae of different crustaceans and 
polychaetes. They quite clearly find an adequate food supply in all the organisms 
which use the blue-green algae as a substrate and source of nitrogen. It is uncertain 
whether whole agglomerations of blue-green algae are eaten by fish or fish larvae. 
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Some blue-green algae species, especially Nodularia spusmgena, are reported to-
be toxic to fish, birds and mammals (Fitch & Bishop 1934, Prescott 1948, Schwim-
mer & Schwimmer 1955). 
Kalbe and Thiess (1963) attribute a mass death of ducks in the Jasmunder 
Bodden to a water bloom of Nodularia s75umigena. Francis (1878) reports casualties in 
Australian livestock due to Nodularia poisoning — dogs, sheep and even horses. 
The list of toxic algae compiled by Schwimmer and Schwimmer (1955) is very long 
and includes Aphanitioznenon floc-aquae. 
It is not quite sure whether these algae species are really toxic, since often 
small hardly noticeable flagellates or protein decomposition products like hydro- 
xylamine or hydrogen sulphate can be responsible for the poisoning. When pure 
cultures of Nodularia spumigena were given to laboratory mice, even as much as 1.5 
g of wet weight did not harm the mice. 
It is difficult to prove that the mass occurrence of blue-green algae in the Baltic 
has increased during the last few years, since there are only scattered records of 
earlier observations. The determination of fixed blue-green algae is extremely dif-
ficult owing to the floating trichomes, so that the Utermöhl method cannot be applied. 
However, pollution with phosphate has increased in the Baltic and this nutrient 
promotes the production of Cyanophyceae. 
It should be noted that when blue-green algae are present, eutrophication in 
the Baltic is not only followed by an increased plankton bloom, but that a process 
of secondary eutrophication can be induced, since these algae »sediment to the 
surface», enriching the surface water with their decomposition products, especially 
with nitrogen, which they fixed from the air. 
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CHEMICAL FACTORS AFFECTING ALGAL GROWTH OFF 
HELSINKI 
Ilkka Rinne and Eeva Tarkiainen 
City of Helsinki Building Office, Water Conservation Laboratory, SF-00250 Helsinki 25, Finland 
The chemical factors limiting the growth of planktonic algae have been in-
vestigated in the Helsinki sea area, where the inner bays are very eutrophic 
(above 1000 kg C,,, ha -1  year -') and the outer sea areas rather clean (less than 
500 kg C,,,, ha -1  year -'). Algal tests and measurements of alkaline phosphatase 
activity were used. A green alga and a blue-green alga (Chiorella sp. and Os-
ci/laloria agardhii Gom., respectively) isolated from the sea water of the study 
area served as test organisms. 
In water from the outer area, algal growth was increased in spring by the 
addition of nitrogen and later in summer by the addition of both nitrogen and 
phosphorus. In the inner bays, growth was increased in spring by phosphorus 
and later in summer by the addition of nitrogen or nitrogen and phosphorus 
together. Even small additions of sewage in water from the outer area increased 
the growth of the test organisms. 
Alkaline phosphatase activity was low in the net plankton samples from 
the eutrophic inner bays and high in those from the clean areas. 
In sewage treatment attention is increasingly being paid to the nutrients that raise 
primary production and thus cause an increase in the secondary oxygen demand 
and other disturbances in aquatic ecosystems. 
It is planned to start the removal of such nutrients from Helsinki sewage in the 
near future. Phosphorus has generally been considered the nutrient which regulates 
the growth of phytoplankton in lake waters (Shapiro 1970), but in coastal marine 
waters (Ryther & Dunstan 1971) in the Baltic (France & Nehring 1970, Sen Gupta 
1970, 1971, Tarkiainen et al. 1974), nitrogen seems to play a more important role. 
The purpose of this study is to elucidate the chemical factors affecting the growth 
of non-nitrogen-fixing planktonic algae in the Helsinki sea area. 
THE STUDY AREA 
The investigations were made in the Helsinki sea area, where the inner bays are very eutrophic (above 
1 000 kg Caps ha -1  year -z) and the outer sea areas rather pure (under 500 kg Cass  ha -r year -1) (Pesonen 
1973). The observation stations were situated in inner bays (Laajalahti 87 and Vanhankaupunginselkä 
4), in the slightly eutrophic inner archipelago (Kruunuvuorenselkä 18, Westendin selkä 75 and Melkin 
92 
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Fig. 1. Map of the study area. Symbols: the 
lines numbered 1200 and 800 (kg C5s5 ha -1 
year -1) show the boundaries of the eutrophica-
tion zones (Pesonen 1973); closed circles = 
observation station supplying samples for algal 
tests and determinations of alkaline phos-
phatase activity; open circles = stations sup-
plying samples for determinations of alkaline 
phosphatase activity; e = sewage treatment 
plants with their discharge points; x = dis- 
charge point of planned long sea outfall. 
selkä 68) and in the outer, fairly undisturbed (Katajaluoto 125) and undisturbed sea areas (the Hel-
sinki lighthouse (42). Fig. 1. shows the observation stations, zones with different degrees of eutrophi-
cation, sewage treatment plants, sewage discharge points and the discharge point of the planned long 
sea outfall. 
The plankton composition of the study area has been investigated by Melvasalo and Viljamaa 
(1975). 
METHODS 
Algal tests were performed and alkaline phosphatase activity measured. 
ALGAL TESTS 
A green alga (Chlorella sp.) anda blue-green alga (Oscillatoria agardbii Gom., not bacteria-free) isolated 
from the sea water of the study area were used as test organisms. The algal tests were made according 
to the methods used earlier in the water conservation laboratory (Tarkiainen etal. 1974). The Chlorella 
cultures were incubated for 14 days at 5000 lux and 18°C; the Oscillatoria cultures were incubated for 
24 days at 2000 lux and 22°C. 
Surface water samples were taken from stations 87, 75, 125 and 142 in May (20th week), July 
(30th week) and September (37th-38th week) 1972. As soon as possible after sampling, the water 
samples were filtered through washed membranes (Sartorius 11306) in the laboratory and deep-frozen 
in amounts of one litre. The samples were melted immediately before the algal tests. 
The water samples were divided into sub-samples, which were enriched with nitrogen (N), 
phosphorus (P), trace elements (TE) or their combinations or with sewage. The nitrogen additions 
were 4.0 (station 87), 2.0 (75) and 1.4 (125 and 142) mg N 1-1 and the phosphorus additions 0.8, 0.1 
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and 0.06 mg P 1-1. Trace elements (B, Mn, Zn, Co, Cu, Mo and Fe) were added in one solution to 
give the same concentrations in the culture as in the stock culture solution (Tarkiainen el al. 1974). 
The following additions were made: unenriched control (0), TE, N, N H- TE, P, P + TE, N + P, 
N + P + TE. 
Orthophosphate was used as a phosphorus source and ammonium as a nitrogen source. Some 
nitrate enrichment was also done with Ch/are/la sp. Nitrate seemed to have an effect similar to that 
of ammonium but the biomasses were smaller because this alga prefers ammonium to nitrate. The 
results of the nitrate experiments are not presented here. 
Biologically purified sewage was added to the water samples from stations 87 and 125 (con-
centrations 0.3, 1, 3, 10 %) and tested with Ch/are/la sp.. 
All the experiments were run in triplicate. The growth of algae in the enriched water samples 
was compared with the growth in the unenriched controls with t-tests. 
ALKALINE PHOSPHATASE ACTIVITY 
Many investigators (Kuenzler & Perras 1965, Fitzgerald & Nelson 1966, Fitzgerald 1969, Berman 
1970, Moore 1970, Reichardt 1971, Yentsch et al. 1972) have measured the alkaline phosphatase activi-
ties of mixed algal populations and pure algal cultures, and proved that alkaline phosphatase activity 
(APA) depends on the available inorganic phosphorus. Fitzgerald (1969) has shown that algae which 
suffered from a lack of phosphorus had an APA as much as 25 times as high as that of the algae with 
surplus phosphorus available. Fitzgerald (1969) and Moore (1970) have stated that in APA tests 
different species ought to be separated from each other because in the same ecological environment 
one algal species may be limited by phosphorus and another by some other nutrient. In this study, 
however, the APA of plankton populations collected with a plankton net was measured because 
the separation of different species from the samples is laborious and time-consuming. 
Samples were taken from the photic layer of the sea at every station, every second week from the 
middle of June 1972, with a 25-,um net. APA was measured according to Moore (1970) using a 
45-min incubation time. The results were calculated in relation to the chlorophyll a content of the 
sample and expressed as U/mg chlor, a, where U is the international enzyme unit (amount of enzyme 
changing one ,&mole substrate in one minute). 
The correlation of APA to the orthophosphate and total phosphorus concentrations, and its 
correlation to the ratio of total nitrogen to total phosphorus was examined with Chi-square tests, the 
results of all the measurements of June-August being divided into three classes. It was found that 
Chi-square was extremely significant in the tests orthophosphate versus APA and total phosphorus 
versus APA. In the test N i /P V versus APA, Chi-square was significant. 
OTHER ANALYSES 
The concentrations of chlorophyll a in the net plankton samples were measured according to Strick-
land and Parsons (1968). 
Orthophosphate, total phosphorus, ammonium, nitrite, nitrate and total nitrogen concentrations 
were determined by the standard methods used in the Water Conservation Laboratory. The content 
of total dissolved nutrients was determined on membrane-filtrated (Sartorius 11306) samples. 
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Fig. 2. Results of nutrient enrichment tests with Chlorella sp. in water samples taken from stations 
87, 75, 125 and 142 in May, July and September. 0 = unenriched control and TE = trace element, 
N = nitrogen and P = phosphorus enrichment. The biomisses indicated by shaded columns are 
significantly greater than that of the corresponding control. 
RESULTS AND DISCUSSION 
The results of the enrichment experiments are presented in Fig. 2 and Table 1, 
where the N/P ratios and the APA at the times of sampling for the algal tests are 
also shown. The results of the sewage enrichment experiments are presented in 
Fig. 3 and the APA results in Fig. 4 and partly in Table 1. The results reported from 
the algal tests mainly relate to the Ch/ort/la cultures, because the cultivation of Os-
cillatoria agardhii Gom. presented some difficulties. 
The ratio of total nitrogen to total phosphorus (N0/P0) generally ranged from 
about 10 to 20-30 in the Helsinki sea area (Table 1). This ratio was lowest in the 
eutrophied area and highest in the undisturbed area, which is due to the low N/P 
ratio of the sewage discharged to the eutrophic waters. N0/P t indicates which one 
of these two nutrients is less available to algae, in other words, which one might 
be the limiting factor for the growth of marine planktonic algae, whose optimal 
nitrogen-to-phosphorus ratio is generally 7 (Sverdrup et. al. 1942, Armstrong 1965, 
Martin 1970). The ratio of mineral nitrogen to orthophosphate phosphorus (Nm/P0) 
was usually lower than N0/Pt. NS/P O was also lowest in the eutrophied area and 
highest in the undisturbed area. The lowest ratio was in July, when it was under 1 
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in the eutrophied area. The ratio of total dissolved nitrogen to total dissolved phos-
phorus (N t,/P a) was also often lower than Nt/Pt. The fact that N n,/P o and N tt/P tl 
were generally lower than Nt/Pt indicates that the planktonic algae had used rel-
atively more nitrogen than phosphorus for their growth. Nitrogen might thus be 
the limiting factor for primary production in these areas. 
TABLE 1. Growth-limiting factors, the ratios of nitrogen to phosphorus and alkaline phosphatase- 
activity in the Helsinki sea area in 1972. 
Nt/Pt = the ratio of total nitrogen to total phosphorus 
N5/P = the ratio of total dissolved nitrogen to total dissolved phosphorus 
Nom,/Po = the ratio of mineral nitrogen to orthophosphate phosphorus 
Growth-limiting factor(s) ` 	 Alkalioc 
phosp hata se 
Cblovlla sp. 	OruUala, a 	 activity 
Station 	 Date 	
agardbii Gom. ~ NtJPt 	NdJPa 	Nm/Po 	hlorg. n 
11.0 11.9 
1.5 0.0 0.00 
14.0 1.5 1.46 
12.4 3.3 
29.3 4.2 0.00 
8.2 104 24.6 
2.1 
1.6 0.0 0.13 
0.8 0.11 
9.0 5.8 0.9 
15.4 11.9 
9.7 0.5 1.10 
10.6 6.0 1.67 
9.8 7.4 0.29 
26.5 41.5 5.1 
8.0 
10.9 0.9 3.39 
11.3 0.6 0.91 
14.2 
18.3 13.4 
13.0 30.7 4.79 
7.7 3.4 0.90 
31.3 3.9 
17.5 9.2 7.0 
21.3 2.7 
18.0 
18.8 2.2 9.21 
17.5 8.0 1.69 
18.0 21.4 6.4 
19.1 
4.0 
24.3 12.5 
21.8 
15.7 5.8 0.84- 
30.3 22.1 5.3 0.81 
4V 	May 5 ........... 
VII July 26 -27 	........... 
IX Aug. 30 -31 	........... 
Sep. 5 ........... 
Sep. 13 -14 	........... 
87 V 	May 9 ........... P+TE P+TE 
VII July 21 ........... 
July 24 -25 	........... 
IX Aug. 28 -29 	........... 
Sep. 4 ........... N + P N 
18 V 	May 4 ........... 
VII July 26 -27 	........... 
IX Aug. 30 -31 	........... 
Sep. 13 -14 	........... 
75 V 	May 9 -10 	........... N+TE P 
VII July 20 ........... N 
July 24- 25 	........... 
IX Aug. 28 -29 	........... 
Sep. 11- 12........... N 
68 V 	May 8 ........... 
VII July 24 -25 	........... 
IX Aug. 28 -29 	........... 
Sep. 11 ........... 
125 V 	May 8 ........... N N-I-P 
VII July 10 ........... 
July 18 ........... N TE 
July 24 -25 	........... 
IX Aug. 28 -29 	........... 
Sep. 11 -12 	........... N, P 
142 V 	May 12 ........... 
May 16 .........I. 
VII July 12 ........... 
July 20 ........... N, P 
July 26 -27 	........... 
IX 	Sep. 13 -14 	........... N, P, TE I P+TE 
1) N = nitrogen, P = phosphorus, TE = trace cicments 
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Fig. 3. The effect of additions of biologically 	Fig. 4. The alkaline phosphatase activity in the 
purified sewage on the growth of Clhlorella sp. 	net plankton samples from all the observation 
in water from stations 87 and 125. —.—.—.— stations. A pointed apex on a column means 
total nitrogen concentration, —x—x—x—x 	that the alkaline phosphatase activity exceeded 
total phosphorus concentration. 	 the ]enght of the column. 
THE INNER BAYS 
The concentrations of total nitrogen and total phosphorus had ranges of 700-
9 000 mg N m -a and 60-540 mg P m -3 in this eutrophied area. 
In May, N5/P,1 and Nm/PO were higher than Nt/Pt (Table 1) in Laajalahti (87), 
where sewage is the main source of these nutrients. This points to the conclusion 
that relatively more nitrogen than phosphorus was available to the algae. In the 
algal test made with samples taken in May, the addition of phosphorus with trace 
elements did increase the growth of both test organisms (Table 1 and Fig. 2). In 
Vanhankaupunginselkä (4), which received sewage and also the spring discharge 
of the Vantaa River, the situation was not nearly as clear. 
The nutrient ratios observed later in the summer and autumn indicated that 
nitrogen was the factor regulating algal growth, and APA (Fig. 4) and Oscillatoria 
tests performed in September (Table 1) supported this assumption. On the whole, 
the sewage load in this area is so great that even the largest (10 %) additions of 
sewage did not stimulate the growth of ('h/ore/la (Fig. 3). 
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THE INNER ARCHIPELAGO 
Here the concentrations of total nitrogen and total phosphorus were 350-
2 600 mg N m -' and 25-110 mg P m -1. This area is influenced by the eutrophic 
inner bays and is connected with the undisturbed outer sea area. In addition, sewage 
is discharged into this area and the influence of the Vantaa River is noticeable in 
the waters east of Helsinki. 
The N/P ratio, which varied from 8 to 31 (Table 1), furnishes little indication 
as to which of the two nutrients was the factor regulating algal growth. Normally 
N,,,/Po was lower than N t/P t , indicating a shortage of nitrogen. The heterogeneity 
of this area can be seen in the great fluctuations of APA (Fig. 4). In Kruunuvuoren-
selkä (18) APA was often low, except at the end of June, when there may be a short-
age of phosphorus in this area. In the areas of Melkin selkä (68) and Westendin 
selkä (75) APA was high from the end of June to the end of August, which indicates 
a lack of phosphorus (Fig. 4). 
In May in Westendin selkä (75) N5/P1 5/P1 was obviously higher than N,/P t , which 
suggests that phosphorus was the factor limiting growth in this area. Later in summer 
N,/P, failed to indicate which nutrient regulated the primary production. The ad-
dition of nitrogen with trace elements increased the growth of Chlorella and phos-
phorus increased the growth of Oscillatoria. In samples taken in July and September 
nitrogen significantly stimulated the growth of Chlorella, which is opposite to the 
APA results. This might be due to the presence in the plankton population of this area 
of some heterocystous blue-green algae (Melvasalo & Viljamaa 1975) capable of 
fixing nitrogen. 
THE OUTER SEA AREA 
The total nitrogen concentration ranged from 220 to 1 700 mg N m -1  and the 
total phosphorus concentration from 15 to 90 mg P in -3 in this unpolluted area. 
In spring the N/P ratios r ti were higher than N5/P„ and N om,/P o , and the addition of 
nitrogen to water taken from both stations (125, 142) in May increased the growth 
of Chlorella. Thus nitrogen was a limiting factor. Later in the summer N/P did not 
indicate which nutrient was the limiting factor. 
In Katajaluoto (125) high values for APA indicated a shortage of phosphorus 
in July. Nitrogen intensified the growth of Chlorella in water from that area, while 
phosphorus seemed to have no effect. The fact that nitrogen was the growth-limiting 
factor for Chlorella sp., but APA was high in the net plankton samples may be evi-
dence that N. was the nitrogen source for the natural phytoplankton population. 
Heterocystous blue-green algae, mainly Apha;niomenon filos-aquae (L.) Ralfs., did 
form a great part of the phytoplankton population (Melvasalo & Viljamaa 1973). 
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The addition of nitrogen and phosphorus to water taken from Katajaluoto (125) 
and the Helsinki lighthouse (142) in September and from the Helsinki lighthouse 
(142) in July stimulated the growth of Chlorella. Trace elements also increased the 
growth of Chlorella in September. 
Biologically purified sewage obviously increased the growth of Chlorella even 
at concentrations of 0.3 %, whenever it was added to water from Katajaluoto (125) 
(Fig. 3). The biomasses increased in proportion to the concentrations of sewage. 
SUMMARY 
The chemical factors affecting phytoplankton primary production in the Helsinki 
sea area in 1972 have been discussed with reference to the ratios of nitrogen to phos-
phorus, the results of algal tests with Chlorella and Oscillatoria agardhii Gom. and 
alkaline phosphatase activity measured on net plankton samples. 
In the eutrophic inner bays the factors regulating algal growth were found to 
be phosphorus in spring and nitrogen or nitrogen with phosphorus later in the 
summer. 
In the inner slightly eutrophic archipelago, growth of Chlorella was limited by 
nitrogen in May, July and September and that of Oscillatoria by phosphorus in May. 
The alkaline phosphatase activity measurements suggest that the natural phyto-
plankton populations may have suffered from a shortage of phosphorus in June—
July in this area. 
In the outer non-eutrophic sea area, nitrogen was the regulating factor in spring, 
and nitrogen and phosphorus and probably trace elements later in the summer and 
autumn. 
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EFFECT OF DETERGENTS AND OF PHOSPHO-GYPSUM 
ON THE OXYGEN AND CHLOROPHYLL a 
LEVELS AND ON THE DRY WEIGHT OF THE RESIDUE OF 
BRACKISH WATER UNDER LABORATORY CONDITIONS 
Zbigniew Zbytniewski,i Gerard Drewai and Fryderyk Pautsch2 
'Biological Department, Medical Academy, Gdansk 80-210, Poland 
'Biological Station, Gorki Wschodnie, Gdansk-Sobieszewo 83-010, Poland 
In July and August of 1971 and 1972 the levels of oxygen and chlorophyll a 
in solutions of detergents and of phospho-gypsum were studied under la-
boratory conditions. 
The solutions were prepared with water from the River Dead Vistula, 
salinity about 5 0/00. The following concentrations were used: detergents -
200 ppm, 100 ppm, 50 ppm, 25 ppm and 10 ppm; phospho-gypsum — 0.25 /o, 
0.125 %, 0.063 %, 0.032 % and 0.020 %. 
The solutions were kept in 10-1 glass aquaria out of doors without aeration. 
Water samples were taken from each aquarium at weekly intervals and the 
chlorophyll a and oxygen levels determined. During the first two weeks of the 
experiment the oxygen and chlorophyll a levels of all the detergent and phospho-
gypsum solutions were lower than in the control aquarium, filled with water 
only. In the third week of the experiment the oxygen and chlorophyll a levels 
were higher in the detergent solutions of 25 ppm and 10 ppm, and the phospho-
gypsum solution of 0.020 % than in the control aquarium. 
These observations indicate that detergents in low concentrations and 
phospho-gypsum in 0.020 % or weaker solutions develop a eutrophying effect 
after several weeks of incubation under laboratory conditions. 
Synthetic surface active agents have replaced the traditional soaps for cleansing 
purposes in industry and housekeeping, and thousands of tons of these pollutants 
are now discharged to the rivers and the Baltic with sewage. Much work has been 
done to determine their toxicity to aquatic organisms (Bardach et al. 1965, Portman 
et al. 1968, Swedmarh et al. 1971, Behan et al. 1972) and there are some studies on 
their toxicity to plants (Brown 1972, 1973). 
For the time being, phospho-gypsum need be regarded only as a potential water 
pollutant in Poland. In recent years many plants for phosphoric fertilizers have 
been built near the sea-shore. These factories emit thousands of tons a day of 
phospho-gypsum, a waste product rich in phosphorus, acting as a eutrophying agent 
in low concentrations, and becoming toxic to aquatic animals in higher ones (Pautsch 
it'll 
et al. 1970, 1970a, Zbytniewski & Pautsch 1973). At present phospho-gypsum is dispo-
sed of on land, but projects have been elaborated for discharging it to the Baltic. For 
this reason, we decided to investigate the effects of these two pollutants on the oxygen 
and chlorophyll a levels and on the dry weight of the residue of brackish water. 
EXPERIMENTAL 
The experiments were carried out in July and August of 1971 and repeated in 1972. Solutions 
were prepared with fresh phospho-gypsum taken from the fertilizer plant and the surface active 
agent of a commercial, liquid nonionic detergent, containing 20 % nonylophenol ethoxylate (with 
8 mol of ethylene oxide), 5 % oleic alcohol ethoxylate (with 18 mol of ethylene oxide), and 7.5 % 
of triethanolamine salt of alkylobenzenosulphonic acid. Both pollutants were dissolved in brackish 
water taken from the River Dead Vistula (salinity about 5 0/ 00). The following concentrations of 
the detergents were used (v/v): 200 ppm, 100 ppm, 50 ppm, 25 ppm and 10 ppm. The solutions 
of phospho-gypsum were (w/v): 0.25 %, 0.125 %, 0.063 %, 0.032 % and 0.020 %. All the solutions 
were kept in 10-1 glass aquaria out of doors without aeration; they were exposed to the sun until 
noon, after which they were placed in the shade. The temperature of the solutions at the time the 
samples were taken ranged from 21° to 23° C. Brackish water from the Dead Vistula was kept in 
one aquarium without detergent and phospho-gypsum (control). Samples of the solutions were 
taken on the day of preparation and three other times at weekly intervals, and the following prop-
erties were determined: 
1. the oxygen level by the Winkler method; 
2. the chlorophyll a level (method described in Unesco Monograph 1966); 
3. the weight of the dry residue by the following method: 500 ml of water was filtered through 
hard filter paper (7 cm in diameter). The filters were dried for 24 hours at 105° and then weighed. 
The difference between the weight of the clean filter and the same filter with residue after drying 
multiplied by 2 was the dry weight in mg/l 000 ml of the solution. 
4. the level of the nonionic surface active agents was determined colorimetrically (Dozadska 
1969, Drewa e6 al. 1973) on the detergent solutions. 
RESULTS AND DISCUSSION 
The results are shown in Tables 1-6. At the beginning of the experiment the 
oxygen level was lower at all concentrations of the detergents than in the control 
(Table 1). In contrast, on the first day of the experiment there were no significant 
differences in the oxygen level between the solutions of phospho-gypsum and the 
control (Table 2). In the third week of the experiment the oxygen level in all the 
detergent solutions was higher than in the control. The most evident differences 
were seen in the solutions of 200 ppm and 100 ppm. After three weeks of incubation 
the oxygen Ievel was higher in the 0.032 % and 0.020 % solutions of phospho- 
gypsum than in the control and as high as in the control in the remaining concen-
trations (differences not significant). 
The decrease of the oxygen level in the detergent solutions can be explained 
by several mechanisms: 1. the dissolved oxygen is utilized for the oxidation of the 
detergents; 2. the detergents destroy the chloroplasts, thus interfering with the 
process of photosynthesis and reducing the supply of oxygen from this source; 
3. the molecules of the detergents accumulate on the surface of the water and prevent 
the atmospheric oxygen from passing into solution. 
Detergents undergo microbial biodegradation in water (Anonymous 1972, Anas-
tasiu 1973). Unpublished observations made by us revealed that under laboratory 
conditions about 70 % of detergents added to water had disappeared after three 
weeks of incubation. In this way the detergents lose their surfactant character and 
the biodegradation results in the release of non-toxic, low molecular weight, two-
carbon fractions, which can act as eutrophying agents. Our present observations 
confirm that this process takes place: after three weeks of incubation the oxygen 
and chlorophyll a levels in all the detergent solutions are as high or even higher 
than in the control. 
In all but one of the phospho-gypsum solutions the chlorophyll a level remained 
lower than in the control during the three weeks of incubation (Table 4). This 
was probably the result of acidification of the solutions by the strong acids present 
in this waste product (sulphuric and phosphoric acids). Under such conditions 
only a few resistant phyto- and zooplankton species survive. But in the lowest con-
centrations of phospho-gypsum the oxygen level had increased significantly after 
three weeks, exceeding the concentration in the control. The 0.02 % concentration 
of phospho-gypsum also had a higher chlorophyll a level than the control. From 
these data it can be concluded that phospho-gypsum in low concentrations (below 
0.02 %) also acts as a eutrophying agent after several weeks. Our present obser-
vations are in agreement with the previous investigations of Renk (1971), who 
observed an increase in primary productivity in the Bay of Puck after the experi-
mental dumping of 16 000 tons of phospho-gypsum in this body of water. 
The dry weight of the residue, expressed in mg/1 000 ml of the solution, is shown 
in Tables 5 and 6. The weight of the dry residue of all but one of the 
detergent solutions remained lower than in the control throughout the experiment 
(Table 5). In the lowest concentration (10 ppm) the dry weight of the residue was 
higher than in the control after the third week of incubation. In the solutions of 
phospho-gypsum the dry weight of the residue was higher than in the control at 
the beginning of the experiment. This was probably the result of the presence of 
suspended phospho-gypsum in the solutions (the solutions were opalescent). After 
the third week of incubation the dry weight of the residue was lower than in the 
control at all the concentrations of phospho-gypsum; the suspended matter had 
sedimented, the solutions were clearer, and the living organisms less numerous 
than in the control. 
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TABLE 1. The oxygen level (mg/l) in the solutions of the detergent 
The concentration of the detergent (v/v) 
The day of the determination 200 ppm 1 100 ppm ~ 50 ppm 25 ppm 	1 10 ppm i 	Control 
18 	July 	.............................. 3.52 5.90 4.70 4.20 8.60 8.90 
24 	July 	.............................. 4.25 6.43 8.96 9.00 9.06 9.00 
31 	july 	..............................' 9.70 9.56 9.00 10.40 11.36 10.20 
7 	October 	.......................... 15.80 16.70 10.80 10.53 11.70 1 10.10 
TABLE 2. The oxygen level (mg/l) in the solutions of phospho-gypsum 
The con0e0trotioo of phospho-gypsum (w/v) 
The d. y 	of the determination 10.25 % 10.125 % 10.063 % 10.032 % 10.020 % Control 
18 	July 	.............................. 8.30 9.26 8.41 10.00 8.45 8.90 
24 	July 	.............................. 9.38 8.42 7.81 9.45 7.81 9.00 
31 	July 	.............................. 9.30 9.80 9.50 10.21 9.50 10.20 
7 	October 	.......................... 9.90 10.93 1 	10.10 13.10 12.15 10.10 
TABLE 3. The chlorophyll a level (feg /1) in the solutions of the detergent 
The concenrration of the detergent (e/v) 
The day of the determination 200 ppm 100 ppm 150 ppm I 25 ppm I 10 ppm Control 
1.25 1.59 3.47 5.48 10.64 12.99 18 	July 	............................... 
24 	july 	.............................. 0.26 0.28 5.68 8.13 12.56 13.16 
31 	july 	.............................. 10.46 10.58 17.46 14.99 15.62 20.18 
7 	October 	.......................... 34.58 31.33 35.98 39.10 40.60 34.65 
TABLE 4. The chlorophyll a level (ug/l) in the solutions of phospho-gypsum 
I The concentration of phospho-gypsum (w/v) 
The day of the determination 0.25 % 0.125 % 10.063 % 10.032 % 10.020 % Control 
8.13 7.56 6.90 b.27 5.23 12.99 18 	July 	............................... 
24 	July 	.............................. 1.09 1.62 3.59 4.42 4.84 13.16 
31 	July 	.............................. 1.31 2.21 3.73 6.24 5.72 20.18 
7 	October 	.......................... 5.24 4.80 4.86 8.75 43.83 34.65 
TABLE 5. The weight of the dry residue (mg/l) in the solutions of the detergent 
The day of the determination 	 200 ppm 
The concentration of the detergent (vie) 
100 ppm 	I 50 ppm 	125 ppm 10 ppm 	Control 
18 	July 	.............................. 	0.49 13.2 18.2 19.0 22.6 	28.2 
24 	July 	.............................. 	0.43 i 	20.4 22.0 21.3 27.3 	26.8 
31 	July 	............................. 	. 	19.8 22.0 24.6 15.8 18.0 	29.8 
7 	October 	........................... 	20.9 21.1 15.4 19.2 28.1 	27.3 
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TABLE 6. The weight of the dry residue (mg/l) in the solutions of phospho-gypsum 
The day of the determinaeion I 	0.25 % 
The concentration of phos p ho-gypsu ni (s/v) 
0.125 % 	0.063 % 	0.032 % 	0.020 % Control 
18 	July 	.............................. 34.0 27.4 31.5 20.3 31.4 28.2 
24 	July 	.............................. - 23.0 28.9 19.9 28.0 26.8 
31 	July 	.............................. 19.4 22.0 10.5 21.7 24.6 29.8 
7 	October 	.........................~ 2 1.3 3.4 2 19.1 I, 	18.9 22.3 27.3 
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SEASONAL CHANGES IN THE LEVEL OF DETERGENTS 
IN THE BRACKISH WATER. OF THE DEAD VISTULA AND 
THE BAY OF GDANSK 
Gerard Drewa 1, Zbigniew Zbytniewski 1 and Fryderyk Pautsch 
'Biological Department Medical Academy, Gdansk 80-210, Poland 
'Biological Station Gorki Wschodnie, Gdansk-Sobieszewo 83-010, Poland 
The level of detergents was determined colorimetrically on water samples taken 
at intervals of about two weeks to one month from the Bay of Gdansk and the 
Dead Vistula in the periods April to October 1972 and April 1972 to March 
1973, respectively. It was found that detergents are present in the waters of 
both these areas, but in the samples from the Dead Vistula their concentration 
was higher than in the samples from the Bay of Gdansk. During the observation 
period the detergent level fluctuated between 1.82 ppm and 2.64 ppm in the 
water from the Dead Vistula, and between 0.77 ppm and 1.s9 ppm in the 
water from the Bay of Gdatisk. 
Chemical compounds which decrease surface tension are named detergents or 
surface active agents. They are used in industry and housekeeping as washing,. 
dispersing, emulsifying and moistening agents. In recent years a large synthetic 
detergents industry has developed. These compounds are mainly produced from 
the aliphatic and aromatic hydrocarbons of crude oil by sulpnonation or the addition 
of ethylene oxide (from 8 to 18 molecules of ethylene oxide per molecule of hydro-
carbon). The production and consumption of the synthetic surface active agents 
are increasing every year. After use most of these substances enter the rivers with 
sewage and are transported to the sea. The Baltic Sea is surrounded by countries 
where the consumption of detergents is particularly high and thousands of tons of 
these pollutants enter its waters. Owing to its shallowness and the small exchange 
of water with the oceans, the Baltic is especially exposed to the danger of pollution 
by detergents. 
During previous experiments on the rate of biodegradation of detergents under 
laboratory conditions we found that the blank probe prepared from Dead Vistula 
water invariably shows a higher degree of extinction than the blank prepared from 
distilled or tap water. For this reason we decided to determine the detergent level 
in the water of the Dead Vistula and the Bay of Gdansk throughout the year. 
14 19913-71 
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EXPERIMENTAL 
The nonionic detergents present in the water samples produce an insoluble complex with phospho-
tungstic acid and barium chloride. After being dissolving in concentrated sulphuric acid this complex 
gives a brown-red colour with hydroquinone. This method allows the determination of detergents 
in concentrations of 0.5-1.0 ppm. The optical density of the solution was read on a spectrophoto-
meter »Specol» Zeiss at 500 nm. As standard substance commercially available solvent nonionic 
detergent was used, containing 20 % of polyglycolic ether of nonylophenol, 5 % of triethanol amine 
salt of alkylobenzenosulphonic acid and 7.5 % of nonylophenol ethoxylate with 18 mol of ethylene 
oxide. 
Ten millilitres of water were placed in a test tube and 2 drops of 18 % HCl, 1 ml of 10 % BaCI., 
(w/v) and 1 ml of 2 % phospho-tungstic acid (w/v) were added. The tubes were placed for 15 min 
in a boiling water bath, centrifuged for 5 min at 6 000 g and decanted. Two millilitres of boiling 
water were added to the sediment remaining at the bottom of the test tube and the content was 
stirred and centrifuged again for 5 min at 6 000 g. The supernatant was discarded and the tubes were 
completely emptied of residual water by standing them upside down on filter paper. The sediment 
was dissolved in 3 ml of concentrated sulphuric acid, after which I ml of 5 % hydroquinone in concd 
sulphuric acid was added and the content of the tube was filled up to 7 ml with coned sulphuric 
acid. After 15 min the optical density was read on the »Specol» at 500 nm and the concentration of 
detergents was calculated from the calibration curve (Dozaiiska 1969): - 
RESULTS AND DISCUSSION 
The results presented in Table 1 and Fig. 1 show that detergents are present in 
the water of the Dead Vistula and the Bay of Gdansk throughout the year. The 
concentration of detergents is always higher during the winter than during the 
summer. The higher concentration of detergents in the Dead Vistula water is prob-
ably caused by the fact that the Vistula is a stagnant body of water of rather small 
volume receiving all the sewage from Sobieszewo island. The higher level of de-
tergents during the winter can be explained by the lower rate of biodegradation 
of these pollutants by bacteria at the low water temperatures prevailing during this 
season of the year. In the summer, when microbes are more numerous in the brackish 
water, the rate of biodegradation of detergents is greater and their level decreases. 
Our unpublished data concerning the rate of biodegradation of detergents re-
vealed that under laboratory conditions nonionic detergents disappear fairly rapidly 
in brackish water; after the third week of incubation of the solutions in brackish 
water, from 50 to 70 % of the added detergents had disappeared. The biodegradation 
of detergents begins with the oxidation of the methyl group of the hydrophobic 
part of the molecule to the carboxylic group, followed by the detachment of the 
fraction containing two carbon atoms by beta-oxidation (Anonymous 1972). The 
bacterial biodegradation of detergents causes the loss of their surface activity. The 
harm caused by detergents to aquatic organisms is mainly due to two deleterious 
effects: the decrease of the oxygen content and the impairment of photosynthesis. The 
decrease in the oxygen level is caused by 1. the utilization of oxygen for the oxi- 
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TABLE 1. The level of detergents (ppm) in the water of the Dead Vistula and the Bay of Gdansk 
The dec of the dererminador 	 The Bav of Gd,osk 	 The Dead Vistulc 
12 	April 	1972 	........................ 1.89 2.64 
26 	April 	............................. 1.62 2.17 
11 	Mav 	............................. 1.45 1.97 
25 	May 	............................. 1.27 1.89 
9 	June 	............................. 1.20 1.69 
22 	June 	............................. 1.11 1.89 
20 	luly 	.............................. 0.86 1.92 
8 	August 	...........................j 0.77 1.96 
13 	September 	........................ 1 20 2.06 
14 	October 	.......................... - 1.83 
3 	November 	........................ - 2.25 
15 	January 1973 	...................... - 2.35 
12 	February 	.......................... 1.70 2.45 
1 	March 	............................ 1.65 2.96 
ppm 
3- 
The Dead Vestula 
2 
Q 
~ 	 ro 
m,0. 	The Bay of Gdansk 
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Fig. 1. Seasonal changes in the level of detergents 
dation of the detergent itself, 2. the decrease in the uptake of atmospheric oxygen 
caused by the accumulation of detergent molecules on the surface of the water, 
3. the impairment of photosynthetic activity and the reduction of the supply of 
oxygen from this source. The detergents affect photosynthesis by destroying the 
chloroplasts, whose lipid components they dissolve, and by altering the permea-
bility of the cell membrane (Brown 1973). 
The products of the biodegration of detergents are not harmful to living or-
ganisms; on the contrary, these break-down derivatives of detergents probably 
act as eutrophying agents, thus increasing the risk of the pollution of the waters. 
The effects of detergents on aquatic ecosystems deserve investigation; our recent 
unpublished observations revealed that in aquaria containing solutions of detergents 
changes occurred in the species composition of the phyto- and zooplankton: the 
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forms more susceptible to the action of detergents die; others that are more resistant 
survive and multiply abundantly. But these important problems need further in-
vestigation in cooperation with bacteriologists and experts on plankton. 
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ABOVE GROUND PRODUCTION AND CHEMICAL 
ANALYSIS OF PHRAGMITES COMMUNIS IN 
POLLUTED BRACKISH WATER 
H.-G. Wallentinus 
Institute of Botany, University of Stockholm 
S-104 05 Stockholm 50, Sweden 
The two aims of this investigation were to develop a simple method for the 
determination of the above ground biomass of reed-beds and to investigate 
the distribution of certain ions in the reed culm. 
The culms were harvested down to and including the upper parts of the 
rhizomes. The culms were dried and the stems were cut into 10-cm sections and 
weighed. From these weights formulas were constructed, where the total 
weight of the culm above the water surface, the weight of the stem at the 
water surface, and the water depths were inputs, giving the weight of the 
entire culm. Diving was thus necessary only for collecting the material for 
estimating the formula constants. 
The dried material was then ground, wet combusted and analysed for 
N, P and certain cations. The maximum concentrations of N and P were found 
in the physiologically active parts, whereas the cations showed a more he-
terogeneous. distribution. 
In August 1972 culms of Phragmnites communis Trin. were sampled at two stations 
in the area receiving the waters of the river Trosaån, about 50 km southwest of 
Stockholm. The rhizomes connected to the culms were harvested as far as possible. 
The aim of the sampling was to devise a simpler method for determining the biomass 
than the time-consuming SCUBA diving, and to investigate the distribution of 
phosphorus, nitrogen, and some common cations in the culm. 
MATERIAL AND METHODS 
SAMPLING 
The reeds were sampled by SCUBA diving. The culms were sampled along with the upper parts of the 
rhizome. In sonic cases more than one culm was growing from each rhizome. About 10 culms evere 
sampled at each of the two stations. The sampling could not be randomized, since the density of the 
reed-beds prevented diving in the interior parts. The sampled rhizomes and culms were taken to the 
Askö laboratory and air-dried. 
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W e i g h t a n d 1 e n g t h. The dried culms and rhizomes were weighed and the length of the culms 
was measured. After that various parts of the culms were separated. First the culms were separated 
from the rhizomes and then the culms were cut into 10-cm sections up to the first green leaf. Buds 
and young shoots, as well as remnants of stems from previous years, were also separated. All the 
separated parts were weighed, and the stem sections were then grouped together for the chemical 
analysis into the following classes: 0-10, 10-60, 60-110, 110-160 and 160-210 cm from the 
rhizome. The material from the two sampling stations was kept separate. The material from the upper 
parts of the culm was separated into leaf blades, leaf sheaths and upper stem. The panicles were also 
separated if present. The material was dried at + 60° C and all previous weights corrected to + 60° C 
dry weight. 
C h e m i c a 1 a n a I y s i s. The dried material was thoroughly washed to avoid contamination with 
sea-water, dried again and ground. The ground material was analysed for nitrogen, phosphorus, 
and cations. Nitrogen was determined by the Kjeldahl method (Jackson 1958). For the determination 
of phosphorus and cations, material was wet combusted with HNO3 + HC1O4 (4 : 1) (Wallenrinus 
1973). Phosphorus was determined according to Murphy and Riley (1962) and the cations were 
determined on a Perkin-Elmer 290 Atomic Absorption Spectrophotometer. In the determination 
of Ca, phosphorus was masked with 1 % La. 
RESULTS AND DISCUSSION 
WEIGHT AND BIOMASS 
The total above ground biomass (or the biomass of the culms above the rhi-
zomes) is difficult to determine, and a method was sought that would permit a 
simpler way of sampling than by diving. In Wallentinus et al. (1973) a method was 
given where the reed was cut at the water surface and the water depth was recorded. 
A 10-cm section was then removed from the part of the culm immediately below 
the water surface. Both the 10-cm section and the emergent part of the culm were 
dried at +60° C for three days and weighed. With data on the water depth, weight 
of culm above the water surface, and weight of culm at the water surface, the total 
weight of the culm could be calculated, if the weight distribution down to the rhizome 
was known. The total weight per unit area could also be obtained if the number of 
culms per clipped quadrat was known. The formulas used for this calculation were 
based on the data of culms sampled by diving in August 1972. The diving could 
be done only at the edges of the reed beds. 
The weight of the stem was plotted against distance from the rhizome for con-
secutive 10-cm sections, the weight being the mean of both stations (Fig. 1). Up to 
50 cm above the rhizome the weight follows an exponential curve (y = e +1) + a). 
The correlation between this function and the measured values is 	0.99996. 
Between 50 and 150 cm above the rhizome a first-degree function (y = kx + 1) 
is followed (r = 0.96). In Fig. I the construction of the formulas is shown. 
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Fig. 1. Weight of stem of Phragmites tomminis. 
A. Weight of stem plotted against distance from rhizome (g/em). Vertical lines indicate mean 
S. E. NOTE! If weight is recorded as g/10 cm, the mean weight per cm should be plotted 1 cm 
to the left of the mean height (for example at 24 cm instead of 25 cm for the interval 20-30 cm, 
etc.) to obtain the correct constants. 
B. The exponential phase expressed as lny, with weight at x = 50 cm taken as equal to 0. The cor-
relation between the data and the formula is > 0.99 in the interval 0-40 cm. 
C. Construction of the formulas. a is weight of stem at x = 50 (= g + k1 (H-50)), g = weight 
at the vater surface, IH = water depth. x is composed of one rectangular and one triangular 
part, vu of one rectangular and one exponential part. Dotted line represents the true exponential 
curve in the interval 40-50 cm. 
D. The special case where H is less than 50 cm. g must be subtracted with b (=e (k, (5o-H)- )) to 
obtain a. 
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The symbols used in the formulas are: I-I = depth of water; x = a distance 
on the reed stem above the rhizome between 0 and II cm; y = weight of the culm 
at x cm above the rhizome expressed in g/cm; g = weight of the stem at the water 
surface in g/cm; av = weight of whole or part of culm; k l, k>, and / are constants 
that must be calculated for each area (obtained from the sampled culms). In this 
investigation the constants were estimated to be: k l = 5.89 • 10 -5, k = 8.13 • 10 -', 
and /--6.11. 
For H > 50 cm: 
y l = k, (H—x) -+g 	50 < x < H 	 (1) 
^ 	(k l (50 — x) + l) = e 	- 
k l (H— 50) +g 	0 < x < 50 	 (2) 
For H < 50 cm: 
(k_ (50—x) +l) 	(k,(50 —H) +l) 
J/ 3 =5 	 +g — e 	 0 < x_ H 	(3) 
The corresponding culm weights are: 
k 1 (H-50)' 
w1 =--- 2 	+g(H-50) 	 ( 4 ) 
50 	k
(>( 
50 	x
) 	
l
) 7v2 = S' e 	— + 50 (k l (FL— 50) +g) 	 (5) 
x=1  
Jv3= 	e 	
+H 	e H (k._(50x)+l)(J—(k,(50~-1) 
	 (6) 
x=1 
7U 1 ,1 = 1P1 	c2 	cmcrgcnc 	H > 50 
	
(7) 
7Lt „t = 22) 2 + 2icmcrgcm 	H 1 < 50 
	
(8) 
These formulas can be used in a computer, and the total weight of the reed per 
culm is obtained with the following inputs: water depth (H), weight of culm(s) 
at the water surface (J) and weight of culm above the water surface  r 
The biomass per unit area is obtained by substituting the input -- for a, and is then 
w tot ;, n, where n is the number of culms per unit area. Weights are given as g dry 
wt/ cm. The constants k1, k>, and l are calculated for each area. 
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In the investigations in Brunnsviken, Stockholm (Wallentinus et al. 1973), the 
lower parts of the culm followed an equation of the second degree, but the transition 
to the first-degree curve was also at 50 cm above the rhizome. However, the cor-
relation with a logarithmic curve is almost as high as with a second-degree curve. 
If the formulas given here are used on the Brunnsviken material the constants would 
be: k1 = 8.3 . 10 -4; k2 = 8.98 • 10 -2; and l = -5.03, i.e., the exponential part 
is close to that of the Trosa area, but the slope of the straight line is steeper. If the 
exponential curve is used, the biomass is increased by 0.5 %. 
When the exponential function is used from 50 cm above the rhizome, a small 
error is introduced, since there is a transitional area between 40 and 50 cm above 
the rhizome. The error introduced is small, just above 1 % of the exponential part 
of av e , as indicated in Fig. 1. Data on the biomass in the area will be published later. 
PHOSPHORUS AND NITROGEN 
The distributions of P and N in the reed culm are very similar (r = +0.82). 
The highest amounts of phosphorus are found in the panicles and the leaf blades. 
High concentrations are also found in the buds and the roots. The lowest concen-
trations are found in the remains of the old stems and the amounts in the living stems 
are also fairly low (Table 1). The pattern is the same for nitrogen, but the amounts 
are higher in the leaf blades than in the panicle region, and, in addition, the amount 
in the leaf sheaths is high. 
TABLE 1. Ion contents (mg/g DW +60° C) of Phragriies comrvaiis in August 1972 (means of 
two stations) 
Section of culm 	 I P 	I N 	I N/P') 	I Na 	I K 	I Mg 	I Ca 
Rhizomes 	............................ 0.89 6.26 15.9 5.70 7.35 0.69 0.58 
Roots 	............................... 1.39 15.32 24.6 3.97 5.89 3.02 6.89 
Stem 	1970 2) 	.......................... 0.59 6.00 25.9 5.87 3.63 0.95 2.93 
Stem 	1971 2) 	.......................... 0.51 6.90 30.7 6.11 (4.01) 1.46 (0.66)3) 
Stem 	1972............................ 
0- 10 cm from rhizome ............. 0.67 6.08 20.0 4.63 5.21 0.57 0.46 
10- 	60 	» 	» 	» 	............. 0.76 6.71 20.2 4.23 5.34 0.29 0.57 
60-110 	» 	» 	» 	............. 0.85 6.03 16.0 3.89 6.84 0.35 (0.92)3) 
110-160 	» 	» 	» 	............. 0.81 5.77 15.7 3.34 4.34 0.65 (0.56)3) 
160-210 	» 	» 	» 	............. 0.77 6.32 19.2 2.83 3.56 0.43 0.43 
Upper stem 	.......................... 1.15 6.64 12.7 2.83 5.77 0.53 0.45 
Leaf sheaths 	.......................... 0.95 17.36 40.3 4.40 0.75 0.93 1.31 
Leaf blades 	........................... 1.72 31.54 40.4 3.00 6.93 2.98 5.30 
Panicles 	............................. 2.59 27.52 23.7 2.18 3.46 1.39 2.27 
Young shoots 1972 .................... 0.83 10.13 27.0 4.73 6.07 0.32 0.50 
Buds 	on 	rhizomes 	.................... 1.66 12.12 16.1 5.40 7.62 0.88 0.86 
1) Ratio calculated on basis of atomic weight. 2) Remaining basal parts. 3) Large differences bet-
ween parallel samples owing to basal plates of Balanles improvisor, lower value given here 
15 19913-74 
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The N/P ratio calculated on the. basis of the atomic weight varies more, but the 
highest ratios are found in the leaves. As a rule the ratio is high in physiologically 
active areas, viz. leaves, young shoots and roots. In dormant tissue, vit. buds and 
seeds, the ratio is lower. The ratio is also high in the remains of the old stems. The 
nitrogen content per g of stem is the same in the remains of the old stems and the 
lower parts of the living stems, but the concentration of phosphorus is lower by 
about one third in the old stems. 
CATIONS 
The cations measured were sodium, potassium, magnesium and calcium. Only 
sodium can be considered a »poison» to the plant. The plant actively pumps out 
sodium and takes in potassium (Collander 1941, Kylin & Hansson 1971). This 
could be called the »non-succulent way» of solving the salt problem. The sodium 
concentration is highest in the basal parts of the reed and lowest in the distal parts. 
Exceptions to this trend are the roots, which show low values, and the leaf sheaths, 
which show clearly higher values than the blades and upper stem. 
The potassium content varies greatly and a clear trend cannot be seen, but the 
concentrations in old stems are among the lowest, and also those in the stem 160-
210 cm above the rhizome. The highest amounts are found in rhizomes, buds and 
leaves. 
A high correlation exists between the magnesium and calcium contents (r = 
+0.92), with the highest amounts in the active parts, vit. roots and leaf blades. 
The contents in the panicles are also fairly high. 
COMPARISONS OF THE ION CONTENTS 
As already mentioned, there are strong positive correlations between the con-
tents of nitrogen and phosphorus, and those of calcium and magnesium. This is 
in accordance with what was found in Brunnsviken (Wallentinus et al. 1973). The 
nitrogen content also shows positive correlations with those of magnesium and 
calcium, and phosphorus shows less pronounced correlations with these two cations. 
Negative correlations are found between phosphorus and sodium, and to a 
lesser extent between nitrogen and sodium. This could indicate that sodium is in 
some way »repulsed» from the physiologically active parts and the dormant tissue, 
and especially from the sites where the concentration of phosphorus is high. 
If the chemical data are compared with those obtained from Brunnsviken, it is 
seen that the sodium content is higher in the Trosa area, probably owing to the 
more saline water at the Trosa stations (4-6.5 °/ o o compared with 1-3 o/ o o in 
the bay of Brunnsviken). 
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The potassium content is markedly higher in Brunnsviken (from about 1.5 
to 5 times the concentrations in the Trosa area) and there must be a potassium de-
ficiency in the reeds outside Trosa (cf. Stålfelt 1960: 267). 
The magnesium and calcium contents are of the same magnitude, and so are 
those of phosphorus and nitrogen (nitrogen and calcium are somewhat higher in 
the Trosa area). 
This comparison shows that the concentrations of phosphorus and nitrogen 
seem to be unaffected by the degree of pollution, since Brunnsviken is a much more 
polluted area than the area by the mouth of the Trosaån. The salinity influences 
the sodium content, but has much less effect, if any, on magnesium and calcium. 
In the case of potassium the situation is more obscure. The reason could be a changed 
Na:K balance in the more saline Trosa area. Sampling must be performed over 
a larger area to determine whether a low potassium content is a common feature 
of reeds in saline water. 
If the two stations outside Trosa are compared, the concentrations of sodium 
and magnesium are found to be higher at the outer station, where the salinity may 
be supposed to be higher, whereas no definite differences are found in the remaining 
ions. 
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ON THE INFLUENCE OF SEWAGE POLLUTION ON 
INSHORE BENTHIC COMMUNITIES IN THE SOUTH OF 
KIEL BAY. PART 1. QUALITATIVE STUDIES ON 
INDICATOR SPECIES AND COMMUNITIES 
Klaus Anger 
Zoological Institute of the University of Kiel, D-23 Kiel, FR Germany 
A qualitative benthos study was undertaken in the Western Baltic in order to 
find trends in the distribution patterns of the most common species and taxo-
nomic groups. The characteristics suiting species and communities for use as 
indicators are discussed. The main environmental factors considered were the 
degree of sewage pollution, and the type of substrate. Three ecological groups 
of organisms can be distinguished on the basis of-their reactions to pollution. 
Sensitive species should be investigated most closely in their preferred sub-
strates, those favoured by pollution in the types of substrates in which they 
normally do not occur in great numbers. Sand bottom and, to a lesser degree, 
eelgrass assemblages are the best indicator communities. 
AIMS AND METHODS 
Within the framework of a larger investigation programme, which is still in progress, 
138 qualitative bottom samples were taken in winter 1970-1971 in a partly sewage-
polluted inshore area near Kiel (Fig. 1). This pilot studywas intended to yield prelim-
inary information about potential indicators of pollution and the role played by the 
type of substrate. The distribution patterns of the most common species and also 
of some higher taxonomic groups (e.g. Oligochaeta, Chironomidae) were studied 
by calculating the percentage presence, P, of these species and groups at sample 
stations classified on the basis of their degree of pollution and dominant substrates. 
P can be used as an indirect measure of the frequency. 
Differences were regarded as being significant when a was smaller than 5 % 
according to Student's test (cf. Weber 1972: 194-197). The effect of sewage was 
studied by adding the data from all the substrates at the same distance from the outlet, 
and plotting curves. The influence of the substrates is shown in bar graphs based on 
data obtained at different distances from the outfall. Significant differences are shown 
in the diagrams as vertical lines. 
All the samples were taken with a 0.1-m' van Veen grab, but only unstrained 
subsamples of about 1 litre were used. In the laboratory these samples were sorted 
with regard to species and predominant substrates (pure sand, eelgrass, stones with 
seaweeds, Mytilus beds, and peat). 
Fig. 1. The investigation 
area. Arrows show the routes 
of sampling cruises. 
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THE INVESTIGATION AREA 
At the mouth of Kiel Fjord (Bulk) a daily average of about 50 000 m3 of untreated 
sewage was discharged into Kiel Bay. The outlet of the drain-pipe is at a depth of 
3 m, 200 m from the sandy shore line. The hydrography, chemistry, microbiology, 
and plankton of this area have been investigated by several authors: Gramm (1936), 
Kändler (1952, 1959), Krey (1959, 1961), Rheinheimer (1966, 1967) and Horstmann 
(1971). 
As these coastal waters are rather shallow — most of the samples were taken at 
depths of 3-4 m — no stratification, low oxygen contents, or horizontal salinity or 
temperature gradients could be observed. Consequently, no important differences 
existed between the sampling stations in the environmental factors salinity, tempera-
ture, and oxygen concentration. The only important differences as regards the factors 
controlling the composition of the benthic communities were those in the type of 
substrate, and the degree of dilution of the pollutants (cf. Fig. 2). The distance of a 
station from the outfall is a measure of the degree of pollution, as it represents a 
long-term effective mean range of dilution. This is also indicated by the mean number 
of benthic species found in the samples (Fig. 2). 
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Fig. 2. Mean values of phosphate, silicate, seston (values from 
Horstmann 1970 and Stadt Kiel 1968) and mean numbers of 
benthic species (S) at different distances from the sewage outlet. 
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NOTES ON PREREQUISITES OF INDICATORS 
Only widely and not too patchily distributed species with a well-known ecology 
should be used as indicators of pollution. They should also show clear reactions to 
environmental changes. 
Sensitive species, showing a deterioration of environmental conditions by their 
absence from normally preferred substrates are better indicators than resistant species, 
reacting to pollution by an increase of population density. If the latter are to be 
used, attention should be paid to their occurrence in substrates that they normally 
avoid; here their reactions are more conspicuous (cf. the distribution curves of 
Nereis diversicolor, Pol 	ciliata and Capitella capitata, Fig. 4). 
DISTRIBUTION OF THE MOST COMMON SPECIES AND OF SOME 
HIGHER TAXONOMIC GROUPS 
Sensitive species and groups. This ecological group is defined here as 
having a significantly lower percentage presence up to a distance of more than 200 m 
from the sewage outfall. Fig. 3 shows the distribution of some species that best 
satisfy the criteria for indicators outlined above. They all are widely distributed in 
the Western Baltic and disappear right at the beginning of pollution. 
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Indifferent species and groups. If organisms are affected only by very high 
sewage concentrations and sometimes even more by the type of substrate, they are 
considered to be indifferent. Their distribution curves are often indented. A typical 
example is afforded by the curve of Mya arenaria shown in Fig. 5. Species belonging 
to this ecological group have no value as indicators of pollution. 
Species favoured by sewage pollution. A large amount of individuals, and 
consequently a high percentage presence of these species can indicate organic pollu-
tion. This is shown by a significantly higher P in the very polluted zone between 
the 50- and 200-m limits (Fig. 4). 
INDICATOR COMMUNITIES 
If we unite all the animal species and taxonomic groups preferring a certain substrate 
(cf. parentheses Table 1), we arrive at five more or less distinct groups (Fig. 6). These 
groups embrace the characteristic species of substrate-controlled communities, each 
with a different composition as regards the relation of the species to sewage pollution. 
As can be seen from Fig. 6, a characteristic sand bottom community and to a lesser 
degree an eelgrass community are the best indicators of a clean marine environment, 
because they consist mainly of sensitive species. If some of these species are lacking 
and if species from other communities are present (e.g. Capitella eapitata, Polydora 
ciliata) whose occurrence shows a positive correlation with the sewage concentration, 
such a mixed community is the best indicator of a polluted environment. 
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Peat and mussel beds contain many species indifferent to and favoured by sewage 
under s,ormal circumstances. Therefore they cannot change much under the influence 
of organic pollution and are the poorest indicator communities. Seaweed assemblages 
occupy a medium position. No definite conclusions regarding plant indicator com-
munities are possible on the basis of this study. 
DISCUSSION 
Our criteria for indicator species are best fulfilled by sensitive organisms such as the 
amphipod Batyporeia sarsi, the polychaetes Nephthys caeca, Scoloplos armiger and Eteone 
loaga, and the bivalve Cardium lamarclei. If the water quality in an inshore area of the 
Western Baltic becomes worse, these species (especially as regards the macrofauna) dis-
appear first, and indifferent ones take their niches in the ecosystem. At a later stage of 
environmental deterioration, species of the third group become more and more 
abundant. When the indifferent organisms in the benthic community are replaced by 
sewage-favoured ones, the community reaches an unstable state between maximum pro-
duction and total breakdown due to suffocation by waste. Since these changes are 
most readily observed in the widely distributed sand and eelgrass subsystems, it is 
particularly desirable that their structure and function should be studied under both 
normal and altered environmental conditions. 
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TABLE 1. List of the most common species and of some higher taxonomic groups. Significantly 
preferred substrates in parentheses. Abbreviations: S = sand, E = eelgrass, Sw = 
seaweeds, M = Mytilus beds, P = peat 
Sensitive species and groups 
Algae and Spermatophyta 	 Polychaeta 
Cladophora sp. Kutz. Pholoe minuta Fabricius (E,M) 
Phyllophora brodiaci J. G. Agardh Eteone longa Fabricius (E) 
Cystoclonium purpurascens Kutz. Nephthys caeca Fabricius (S) 
Phycodrys sinuosa Kutz. Scoloplos armiger O. F. Mull. (E,S,Sw) 
Ceramium diaphanum Roth Fabricia sabella Ehrenb. (E) 
C. deslongchampsii Chauv. 
Ectocarpus dasycarpus Kuck. 
E. confervoides Le Jolis 
Desmarestia viridis Lamour. 
Chorda flum Stackh. 
Zostera marina L. 
Mollusca 
Macoma baltica L. (E,Sw,M,S) 
Cardium lamarcki Reeve (Sw) 
Crustacea 
Gastrosaccus spinifer Goes (—) 
Bathyporeia sarsi (S,E) 
Insecta 
Chironomid larvae (E,M) 
Indifferent species and groups 
Anaitides mucosa Oerst. (Sw,E) 
Spio filicornis O. F. Muller (—) 
Pygospio elegans Claparede (—) 
Oligochaeta 
Naididae (mostly Paranais litoralis O. F. Mull.) 
Tubificidae (mostly Peloscolex benedeni 
D'Udekem) 
Crustacea 
Corophium insidiosum Crawford (M) 
Microdeutopus gryllotalpa A. Costa (M,Sw,P) 
Caprella linearis L. (Sw,E,M) 
Algae 
Ceramium rubrum Agardh 
Polysiphonaa nigrescens Grey. 
Ahnfeltia plicata Fries 
Mollusca 
Litorina litorea L. (Sw,E,M) 
Hydrobia ulvae Pennant (M) 
Mytilus edulis L. (—) 
Mya arenaria L. (Sw,M,S) 
Polychaeta 
Harmothoe fimpar Johnst. (M) 
H. imbricata L. (M) 
	
Echinodermata 
Microphthalmus aberrans Webst. & Be- 
nedict (—) 
	
Asterias rubens L. (E,M,Sw) 
Species favoured by sewage pollution 
Polychaeta 
	
Crustacea 
Nereis diversicolor O. F. Mull. (P,M) 
Polydora ciliata Johnst. (M) 
Capitella capitata Fabricius (M,P) 
16 19913-74 
Gammarus oceanicus Segerstråle (M) 
G. salinus Spooner (M,P) 
Idotea baltica Pallas (M,Sw,E,P) 
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PRODUCTION STUDIES OF ZOOPLANKTON IN RELATION 
TO THE PRIMARY PRODUCTION IN THE BALTIC PROPER 
Hans Ackefors 
Institute of Marine Research, S-453 00 Lysekil, Sweden 
Plankton samples were taken with a Nansen net in 1963 and 1968-1970, 
offshore in the Baltic proper. The biomass of the different species was calculated 
on the basis of the estimated volumes of each species and its developmental 
stages. The wet weight was converted to dry weight and carbon content using 
standard values, the dry weight being considered to be 13 % and the carbon 
content 5 % of the wet weight. 
The mean monthly biomass was 9.3 g m-2, or 0.5 g C m-'-. The production 
was estimated at 100 g wet wt m-2 year -1, or 5 g C m-2 year-i. The production 
of zooplankton was compared with the production of phytoplankton. 
Interest in fish production, especially in sea areas, has encouraged many authors 
during the last decade to study the secondary production of zooplankton as well 
as the primary production of phytoplankton. Even if the correlation between plank-
ton production and fish catches seems to be inconsistent, adequate supplies of plank-
ton are one of the prerequisites of the production of fish. The gradual increase 
of pollution in many areas is another reason why such studies are important. Al-
though the main subject of this paper is the secondary production of zooplankton, 
the discussion is also based on all the information available on primary production 
in the Baltic proper. 
MATERIAL AND METHODS 
Plankton samples were taken in 1963 and 1968-1970, offshore in the Baltic proper, at seven plankton 
stations in seven different subareas (Fig. 1, cf. also Ackefors 1969, Ackefors & Hernroth 1970a, b, 
and 1971). 
The plankton samples were taken with Nansen nets with a mesh size of 0.16 mm at different 
depths between the bottom and the surface, according to Ackefors (1969, 1972). The filtration 
coefficient is supposed to be in the order of 0.7 (cf. Tranter & Heron 1967, Smith et al. 1968, Acke-
fors 1972). The values have therefore been corrected by multiplying the numbers per mz by 1.43. 
The volume of the zooplankton was determined by the old technique based on estimates of the 
volumes of the species and their developmental stages (Lohmann 1908). If the density of zooplankton 
is considered to be 1 g cm -3 the values can be converted to wet weight and the carbon content of the 
zooplankton can be roughly estimated at 40 % of the dry weight. This means that about 5 % of the 
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wet weight is carbon, if we assume that the dry weight is about 13 % of the wet weight (Mullin 
1969). 
The secondary production of zooplankton was calculated with the formula P = Z x B, where 
P = production, Z = the total instantaneous mortality rate and B = biomass. The total instan-
taneous mortality rate can be calculated with the following formula: 
N, = N° e-" 	 N 0 = numbers at time t = o 
Z=1nN 
NL 
The instantaneous mortality rate calculated on a monthly basis for the most important copepods 
in the coastal waters was in the range of 0.69-0.95, with an average of about 0.85 (Ackefors 1972). 
The annual secondary production can be calculated by multiplying the monthly mean of production 
by 12 and using the above-mentioned formula: P = Z x B (cf. Gulland 1969). 
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Fig. 1. Chart of the Baltic proper and the three subareas, the Arkona Sea, 
the Bornholm Sea and the Gotland Sea, according to Wattenberg (1949). 
According to Ackefors (1969), the Gotland Sea may be divided into five 
subareas. Thus we obtain seven subareas with one plankton station in 
each subarea and the coastal station at Askö. The depth for each station 
is recorded in the chart. 
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As the instantaneous mortality rate varies slightly during the year for different populations of 
the species, this technique seems to underestimate the production. During the summer, when the 
temperature is high, both the B values and the Z values are higher. When a mean monthly value 
is used for both biomass and the total instantaneous mortality rate, the yearly production is slightly 
underestimated in the calculations. 
THE BIOMASS AND PRODUCTION OF ZOOPLANKTON OFFSHORE 
IN THE BALTIC PROPER 
The largest amount of zooplankton was observed in the Bornholm Sea (S 24) 
(cf. Fig. 2). The maximum zooplankton biomass of 41 g m -2 was recorded in Sep-
tember 1968, at the Bornholm station. The biomass was also fairly high, 20 g m -2, 
in September 1970. The highest biomass values occurred in September at all the 
stations except S 12 in the Arkona Sea, where no such tendency was found. The 
owest biomasses were recorded in the period March-April (May). Fig. 2 shows 
the mean values of the zooplankton biomass expressed as g wet weight m -2 for 
two-month periods. The maximum of the zooplankton biomass offshore clearly 
occurred in September — October, when the values ranged from 30.5 to 7.8 g m -2 
in the seven subareas of the Baltic proper, and the mean value for all the stations 
was 18.7 g m 2. 
In general, the plankton biomass was much lower in November — December. 
The mean value was less than half that of the preceding period, amounting to 7.8 
g m -2. The smallest amount of plankton was found in the Bornholm area (S 24), 
which normally had larger amounts of zooplankton than the other areas. The largest 
amount of zooplankton in November — December was found at station S 41, west 
of Gotland, where the biomass was 12.4 g m -2. 
In January — February the biomass of zooplankton was only slightly lower 
than in November — December. The mean value was 6.9 g m -2 and the maximum 
biomass was recorded at station S 24. In March — April, the biomass was smaller 
than in all the other periods; the mean value was 4.9 g m -2 and the lowest biomass 
recorded during the investigation, 1.6 g m-5, was obtained for station F 78 (the 
Landsort Deep) in the northeast of the Baltic proper. 
In May — June the biomass was higher, or about the same level as in November 
— December. The mean value was 7.6 g m -'2, the minimum value was recorded at 
station F 78 and the maximum at station S 24. July — August was the next most 
productive period after September — October. The mean value was 10.0 g m -2. 
In summary, the maximum, mean and minimum values outside the coastal waters 
were as follows: maximum 41 g wet wt m -2, minimum 0.87 g wet wt m -', monthly 
mean for the periods 1963, 1968-1970 = 9.3 g wet wt m 
The secondary production of zooplankton was calculated from the biomass 
values. The annual production for the period 1968-1970 was estimated at 100 g 
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Fig. 2. The biomass of zooplankton expressed as g m -2 (wet 
weight, about 5 % of which is carbon) at Askö and at the seven 
plankton stations outside the coastal waters (cf. Fig. 1). The 
values are given for two-month periods and corrected for a 
filtration coefficient of 0.7. 
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wet wt m -2, which corresponds to 5 g C m -2. The total amount of zooplankton 
produced annually during the period studied would thus be 10 2 g C or 106 ton C. 
This corresponds to a wet weight of 2 x 101  ton zooplankton. If we compare the 
annual production in the different subareas, we find that the greatest difference is 
that between the Bornholm Sea (7 g C m-2 year i) and the northern area, represented 
by stations F 78 and F 72 (about 4 g C m 2 year i). A similar difference is found between 
the Arkona Sea (S 12) and the Bornholm Sea. 
The dominant plankton group outside the coastal waters is the copepods, just as 
in the coastal area of Askö, but other species dominate in the open sea. Temora 
longicornis is the most abundant (Ackefors 1969), and Pseudocalanus imnutus elongatus 
is also very common. The latter is the only plankton species abundant below 50 m. 
PRODUCTIVITY OFFSHORE IN THE BALTIC PROPER 
The standing crop of zooplankton outside the coastal waters fluctuated during 
the year with a maximum in September and a minimum in March — April. The 
greatest amount of plankton ever found was 41 g wet wt m -' in the Bornholm 
Sea in the southern Baltic proper. The values are rather similar to those reported 
by Mankowski et al. (1959) from the southern Baltic proper. They found maximum 
values certain years in June and another maximum in August — September in the 
magnitude of 40 g m -2. In January — February they reported minimum values for 
the year of about 5-6 g m -2. However, in the present investigation minimum 
values were recorded later, in March — April, in contrast to the conditions in the 
coastal waters by Askö, in the northern Baltic proper, where the minimum values 
occurred in January — February. 
The maximum values for the standing crop were obtained later in the year off-
shore, being recorded in September — October, whereas they occurred in July -
August in the coastal waters. The greatest food supply for plankton-feeding fish, 
such as sprat and herring, evidently occurs at the beginning of autumn outside the 
coastal waters. There may be a correlation between the supplies of plankton and the 
yearly fluctuation of the fat content in sprat; the fat content in the adult sprats of 
the Bay of Gdansk was found to be highest in late autumn (October — November) 
(Elwertowski & Maciejczyk 1964). 
The Arkona Sea (S 12) has a smaller amount of plankton than the other areas 
and the development of the plankton community seems to be disturbed by the 
unstable hydrographical conditions. This is considered a transition area in the Bal-
tic. It is greatly influenced by salt bottom waters flowing into the Baltic and out-
flowing brackish surface waters. This seems to be the reason why the average value 
of the standing crop of zooplankton is lower than in the Bornholm Sea, or 7.5 g m -2. 
The mean value for the whole Baltic proper was about 9 g m -2, the range being 
from 7.5 to 13.4 g m -2. Laevastu (1961) has estimated the standing crop at 150— 
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300 mg m -3. If the mean depth is assumed to be 60 m, this value corresponds to 
9-18 g m -2. 
The production of zooplankton was estimated at about 100 g m -2 year -1 in 
wet weight; the instantaneous mortality rate (estimated on a monthly basis = Z1/12) 
was 0.85. This corresponds to a value of about 5 g C m -2 for the annual secondary 
production of zooplankton in the Baltic proper (Ackefors & Hernroth 1972). An-
drushaitis (1971) estimated the production at 123.5 mg m -3, which corresponds 
to a value of 4.4 g C m -2. It is therefore reasonable to suppose that the average level 
of zooplankton secondary production in the whole Baltic proper outside the coastal 
waters is in the magnitude of 5 g C m -2, or 100 g wet wt m -2 per year (not including 
microzooplankton). 
COMPARISONS WITH THE PRIMARY PRODUCTION 
The annual secondary production of about 5 g m -2 can be compared with the 
primary production in the Landsort area (not far from F 78, cf. Fig. 1), where Hobro 
and Nyqvist (1972) reported an annual primary production of 114 g C m -2. This 
is nearly twice as high as the values obtained by Schulz and Kaiser (1972) in the 
Gotland Sea, and by Bagge and Niemi (1971) and Bagge and Lehmusluoto (1971) 
in the Gulf of Finland. The annual primary production in the unpolluted areas of 
the Gulf of Finland was in the range of 15-60 g C m -2. However, these other 
workers used an incubation time of 24 hours with the 14C method, whereas Hobro 
and Nyqvist used only four hours. The shorter exposure period gives higher values. 
Experiments have shown that there is probably a leakage of radio-active substance 
from the cells when the incubation time is longer than four hours. Therefore there 
seems to be reason to suppose that the primary production must be higher than 
15-60 g C m -2 in the Baltic proper. Fonselius (1971) reported an annual primary 
production of 78 g C m -2 from a lightship in the northern part of the Baltic proper 
(measurements with 24-hour incubation times). 
A recent paper by Renk (1972) indicated that the annual mean primary pro-
duction in the southern Baltic is in the range of 72.6-104.1 g C m -2. The highest 
production was found in the Bay of Gdansk and the lowest in the Arkona Deep. 
The time of incubation was from sunrise to noon (Renk, pers. comm.). To obtain 
a rough estimate of the primary production in the whole Baltic proper the present 
author has used a mean value of 100 g C m -' year -1. As the total area of the Baltic 
proper is about 200 000 km2, the total annual primary production will be 20 mill. 
tons C. This is about the same amount as Fonselius (1971) estimated for the Baltic 
proper including the Gulf of Finland. The mean value of 100 g C m -2 is in the same 
order of magnitude as the primary production of the shallow coastal waters (Ryther 
1970). From the North Sea, Cushing (in Gulland 1970) has reported a range of 
44-200 g m -2 year -'. 
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ESTIMATIONS OF PLANKTON PRODUCTION IN SHALLOW 
INLETS OF THE GDR BALTIC COASTLINE 
Werner Schnese 
Biological Section, Department for Marine and Fishery Biology, University of Rostock, GDR 
The abundances and biomass of the zooplankton were determined at regular 
intervals in connection with a complex hydrographical and biological investi-
gation performed in the series of shallow inlets to the south of Darss-Zingst, 
from 1969 to 1972. An attempt is made to estimate the magnitude and seasonal 
fluctuations of the secondary production on the basis of the biomass. 
The knowledge of the duration of the generations of the separate plankton 
groups which is required for these calculations was obtained from laboratory 
cultures in another study. 
An attempt is made to relate the zooplankton biomass and production of 
the phytoplankton. 
The problem of satisfying the needs for fresh water of the human population is 
very complicated in the GDR, as in all highly developed industrial countries. 
The national institutions and industries responsible are making great efforts to 
maintain sufficient supplies through the rational exploitation of all fresh-water 
resources. 
In the long run, however, it may cease to be economically justifiable to exploit 
our fresh-water resources to a greater extent when large quantities of sea water 
are available. For this reason, the institutions responsible for water-resources 
planning are paying increasing attention to coastal sea areas. 
Particularly coastal waters that are landlocked to a greater or lesser degree de-
serve to be considered as possible sources of water for human use, since their sa-
linity is lower than that of the sea from which they are more or less separated. How-
ever, the fresh water flowing from the land and responsible for this reduction in 
salinity contains a number of dissolved substances which contribute to the eutrophica-
tion of the waters. This eutrophication process is intensified to a considerable degree 
by human activities and leads to such an increase in production that the possibility 
of utilizing the water is endangered. 
In connection with a complex programme for maintaining the water resources 
of the coastal regions of the GDR, we have been entrusted with the task of elu-
cidating the basic hydrographical and biological dynamics in the landlocked coastal 
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waters. The aim of our work is to obtain information regarding the present degree 
of pollution and liability to pollution of these waters. 
The waters to the south of the Darss-Zingst peninsula were selected as the lo-
cation for our investigations. This chain of shallow inlets (Boddenkette) is 55 km 
long, covers an area of 197 sq. km, has a mean depth of 1.7 m and contains about 
340 million m3 of water. 
The water balance is determined, on the one hand, by the exchange of water 
with the Baltic Sea, into which water from the inlets flows, and, on the other, by 
the water flowing into the inlets from the land. The dilution caused by the inflow 
of fresh water results in a reduction in salinity from about 10 0/ oo near the sea to 
about 2 o/ oo in the inner part of the inlets. The plant nutrients imported by the 
fresh water are responsible for the unusually high productivity. According to con-
servative estimates, the quantities of phosphorus and nitrogen flowing into the 
inlets annually amount to 1.7 and 6.8 g per square metre of inlet surface, respectively. 
Although these substances flow into the open sea after a certain period, the decrease 
in salinity is associated with a considerable rise in the total phosphorus and total 
nitrogen concentrations in the water. Whereas the phosphorus content of the Baltic 
Sea waters on the seaward side of Darss is 24 mg/m3, this value rises to 154 mg/m3 
inside the series of inlets; the nitrogen content increases from 318 mg/m3 to 1 881 
mg/me (Table 1). 
TABLE 1. Mean values for salinity and the phosphorus and nitrogen contents in the series of 
inlets by Darss-Zingst. 
Open sca Pr,mort Grabow Bsrther Bodstedtcr Sealer 
Rodden Bodde n Rodden 
Salinity 	(°/oo) 	.................. 10.0 8.5 7.3 5.9 4.4 2.0 
P 	(mg/m3) 	..................... 24.0 32.0 51.0 68.0 104.0 154.0 
N (mg/m') 	..................... 318.0 434.0 866.0 1 003.0 1 610.0 1 881.0 
The increase in the phosphorus and nitrogen concentrations together with the 
decrease in salinity lead to the conclusion that the exchange of water between the 
series of inlets and the Baltic takes place very slowly. This agrees with the fact that 
the outlet from the Boddenkette is narrow and shallow. These circumstances have 
a eutrophicating effect, which increases in strength with the proportion of fresh 
water entering the inlets. The result is a considerable increase in the intensity of 
production, particularly with respect to the phytoplankton. Information is available 
on the phytoplankton production in our coastal waters (Hubel 1969, Schnese 1972), 
but our knowledge of the production capacity of the zooplankton is very scanty. 
We have therefore endeavoured to collect material on both the biomass and the 
production of zooplankton in the series of inlets by Darss, paying particular at-
tention to the following questions: 
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- How large is the biomass of the zooplankton in the series of inlets? 
- How much zooplankton is produced? 
- How do the zooplankton biomass and production vary with the season and the 
salinity? 
- What are the component plankton groups and their respective proportions in 
the biomass and production? 
Biomass of the zooplankton: The biomass was determined by Lohmann's method 
(1908), although it is very time-consuming. The animals contained in the samples 
taken between 1969 and 1972 were counted with Utermöhl's inverted microscope. 
The mean values obtained in this way are presented and compared with the mean 
values for the phytoplankton biomass in Table 2. 
TABLE 2. Biomass and production values for the phytoplankton and zooplankton in the series 
of inlets by Darss-Zingst (1969-1972). 
Biomass (g/m') Annual production 
Phytoplankton Zooplankton Phytoplankton Zooplankton 
mean I max. mean I 	tuas. g C/ma I toa/mk g/m'  I 	S/n'"  
Open 	sea 	...................... 0.9 5.4 0.22 2.09 80 800 9.8 -  
Pramort 	....................... 4.0 7.9 1.04 7.97 - - 29.6 36.5 
Grabow 	....................... 11.1 24.4 1.58 8.48 - - 54.2 108.8 
Barther Bodden 	................ 17.5 56.4 3.73 18.22 320 3 200 125.3 214.0 
Bodstedter Bodden 	............. 19.0 104.9. 4.93 20.26 470 4 700 155.8 425.0 
Saaler Bodden 	.................. 22.1 88.4 6.35 32.14 730 7 300 186.8 311.0 
Magnitude of the zooplankton production: Just as knowledge of the abundance 
permits no conclusions regarding the biomass, knowledge of the biomass does 
not furnish direct information on the magnitude of the biomass produced per unit 
time. Reliable estimates of productivity cannot be made until the relationship be-
tween the biomass and the production are known. This relationship is, however, 
extraordinarily complex, and difficult to clarify. Preliminary calculations cannot 
be made until the duration of one generation is known for the most important forms. 
Apart from field observations, our estimates of the duration of one generation are 
mainly based on the investigations performed by Eyck and Bresk with laboratory 
cultures (unpublished). These indicate the following generation frequencies (in 
generations per month): 
Copepoda Phyllopoda Rotatoria Protozoa 
Dec. - March ................. 	1 	1 	2.0 	4 
April - May ................... 	1.5 1.5 3 6 
June - August ................. 	2 	2.5 	4 	10 
Sept. - November ............. 	1.5 1.5 3 6 
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The net production values for the zooplankton obtained by multiplying the 
value obtained from the regular biomass determinations by the number of gener-
ations per year is shown in Table 2. This indicates that the annual production in-
creases from 9.8 g/m3 in the open sea to 186.8 g/m3 in the Saaler Bodden. Comparison 
with the phytoplankton production provides interesting results. Rubel (unpub-
lished) gives the following values for the maximum annual primary production 
during the years 1971/72: Barther Bodden 320 g C/m", Bodstedter Bodden 470 g 
C/m, Saaler Bodden 730 g C/m2. If we assume that the algae produced consist 
to about 10 % of carbon (Cushing 1958), then the Saaler Bodden, for example, 
produces 7 300 g/m2 of algae annually. The amount of zooplankton produced at 
the same time is 311 g/m2 (see Table 2). 
Variation in biomass and production of zooplankton: There is a clear relation-
ship between the zooplankton production and the season. As may be expected, 
production is relatively low during the winter months, the mean biomass scarcely 
exceeding 1 g/m3. The production in February accounts for only about 1 % of the 
annual production. Not until the Copepoda and Rotatoria populations start to 
develop in April does the production increase more rapidly, reaching its peak value 
of 26.5 g/m2 in July. More than 80 % of the annual production takes place during 
the summer months (May-August); the values start to decline again in September 
and the low winter values are reached in December (Table 3). 
This rhythm was found in all parts of the series of inlets and during all the years 
covered by the investigations. Differences were found only in the magnitude of the 
production. The annual zooplankton production had a four-year mean of 110.3 
g/m3 and ranged between 84.5 g/m3 in 1969 and 130 g/m3- in 1972. 
TABLE 3. Mean monthly zooplankton biomass and production for 1971 (in g/m3) 
l Monrh (I = Jan., XII = December) 
I l 	II l 	III l IV i V i VI 	i VII i 	VIII i IX i X 	i XI i 	XII 
Biomass 1.2 0.8 1.0 2.8 7.4 I 	6.2 8.0 4.7 3.9 1.9 2.7 1.5 
Prod..... 1.4 1.1 1.4 5.6 13.2 1 21.2 26.5 13.8 7.3 3.4 4.4 1.8 
Plankton groups and their proportions: The proportions of the total biomass 
and production provided by the different plankton groups are shown in Table 4. 
The greater part of the biomass (65 %) is contributed by the Copepoda, Euryte-
mora affznis (Poppe) predominating. Despite their high biomass, they account for 
only 35 % of the total production. The most important Phyllopoda in the area are 
Bosmina lotagirostris (0. F. Muller) and Chydorus sphaericus (0. F. Muller). They occur 
only during the summer months, when they are found mainly in the inland parts 
of the series of inlets. Although the Copepoda and the Rotatoria are found very 
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regularly every year in the plankton, the Phyllopoda appear only sporadically. Bos-
mina, for example, reached a maximum abundance of 1 550 ind./1 in 1970 but was 
only found occasionally in 1972 (1971: 60 ind./l, 1969: 277 ind./1). Although Chydorus 
reached a maximum value of 3 050 ind./l in 1971, only 55 ind./l were found in 1969 
(1970: 1 800 ind./l, 1972: 330 ind./l). 
This explains why the Phyllopoda accounted for only 1.7 % of the mean bio-
mass in 1972 although the percentage in 1970 was 19.2; the production of this plank-
ton group during the same period ranged between 1.6 % (1972) and 15.5 % (1970) 
of the total production. 
TABLE 4. Biomass and production of the zooplankton during the period 1969-72 in the series 
of inlets by Darss—Zingst. 
Biomass 
(mg/ma) 
% Annual 
prod. 
(mg/m') 
% 
Copepoda 	............................ 2 032 65.3 28876 35.4 
Phyllopoda 	........................... 572 10.3 15 326 13.7 
Rotatoria 	............................ 725 19.0 43 849 39.7 
Ciliata 	............................... 149 3.1 8 517 7.7 
Rhizopoda 	........................... 30 0.8 3 704 3.4 
Others 	.............................. 19 1.5 68 0.1 
Total 	................................ 3 527 100.0 110 340 100.0 
Although the Rotatoria accounted for only 19 % of the total biomass, they 
contributed 39.7 % of the total production. They are thus even more important 
than the Copepoda as producers. The mean annual Rotatoria mass produced is 
43.8 g/m3. This mass is produced by 25 species, which are mainly limnetic in char-
acter, but only 11 of them occur frequently. The greatest abundances are developed 
by Trichocerca species (14 175 ind./l), Brachionus capsuliflorus Pallas (7 400 ind./l) 
and Filinia longiseta (Ehrenberg) (5 050 ind./l). Owing to their small size, the Ciliata 
account for only 3.1 % of the total biomass, but they contribute 7.7 % of the zoo-
plankton production. In 1970, they even accounted for 18.7 % of the total production 
(15.4 g/m3). 
These were a few particulars regarding the productivity of eutrophicated coastal 
waters. We are fully aware that the values relating to the magnitude of the zoo-
plankton are little more than estimates. Our task in the immediate future will be 
to obtain a larger quantity of more accurate material concerning this facet of the 
production-biological dynamics in our coastal waters. 
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EFFECTS OF CLIMATIC CONDITIONS ON 
MICROZOOPLANKTON BIOMASS IN THE SOUTHERN 
BALTIC 
P. Ciszewski 
Sea Fisheries Institute, 81-345 Gdynia, Poland 
Material collected for many years, chiefly in the region of the Gdansk Deep, 
indicates that the thermic regime of the upper water layer of the sea influences 
the biomass of the microzooplankton and its vertical distribution. 
Observations made for many years in the southern Baltic have shown that the 
temperature regime of the upper water layers of the sea is closely related to the 
climatic conditions in the given year. In the present study the author attempted to 
determine in what degree the climatic conditions can affect the microzooplankton 
biomass and its vertical distribution, through their influence on the temperature 
of the upper water layer. The material originates from the years 1956, 1959, 1967, 
1968, 1969, 1971 and 1972. It was collected in the region of the Gdansk Deep and 
— in 1967 and 1968 — also in the Bornholm Deep with a plankton net of Nansen's 
type No. 8, vertical hauls being performed separately for each water layer. Biomass 
was determined by the volumetric method and expressed in cubic centimetres per 
cubic metre of water. 
RESULTS 
The following observations were made on the relation of the biomass to the 
temperature of the surface waters: The greatest biomasses were recorded in August 
in warm years (1959, 1967, 1972), when the temperature reached maxima of over 
20° C. The average biomasses then ranged between 0.50 and 0.54 cm3/m3. 
In August in temperate years (1968, 1969, 1971), when the temperature of the 
upper water layer of the sea fluctuated around 18° C, the microzooplankton biomass 
was smaller and ranged between 0.30 and 0.44 cma/ma 
In 1956, when the summer was cool and the surface temperature in August did 
not exceed 17° C, the microzooplankton biomass was smallest, amounting to about 
0.20 cm3/m3.  
In the springs, which were also classed as warm, temperate or cool, the corre-
lation between the biomass and the temperature was not so clear as in the summer. 
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Fig. 1. Annual course of microzooplankton biomass and top water temperatures. Biomass (cm3/m3) 
— strong line, temperatures — thin line. 
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Fig. 2. Vertical distribution of biomass in 
relation to the type of climate in a given year. 
In the warm springs of the years 1967 and 1971, when the temperature of the 
top water layer fluctuated between 10 and 12° C in about mid May, the biomass 
was great in the first year (0.37 cm3/m3), but considerably smaller in 1971 (0.17 
cm3/m3). The biomass also varied greatly (ranging from 0.05 to 0.22 cm3/m3) in 
the cool springs (1956, 1959, 1968 and 1972). In these years the temperature of the 
upper layers in about mid May did not exceed 6.5° C. 
Long-term observations showed that the thermic regime also influenced the ver-
tical distribution of the biomass (Fig. 2). In the cool springs the biomass was con-
centrated in the bottom water layer (from 70 m depth to the bottom). During tem-
perate or warm springs, the greatest concentrations of biomass were observed both 
within the top water layer (0-15 m depth) and in the bottom water layer. 
In cool summers the biomass was concentrated in the upper water layer (0-30 
m depth) and in the deeper waters of the sea (from 50 m depth to the bottom). In 
temperate summers the biomass was densest in a thin surface layer, whereas in 
warm summers the greatest biomasses were found in a thicker layer, extending from 
the surface to a depth of about 50 m. 
Although some slight deviations may occur in the correlation between the tem-
perature of the surface waters of the sea and the biomass of the microzooplankton, 
the author is of the opinion that the temperature of the surface waters may be con-
sidered an approximate index of the size of the biomass and its vertical distribution. 
It is possible to predict — with relatively great probability — the general annual 
course of the biomass, if the thermic conditions of the environment at a given time 
are known. 
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EFFECT OF ZOOPLANKTON ABUNDANCE AND 
TEMPERATURE ON TIME AND PLACE OF 
REPRODUCTION OF BALTIC HERRING GROUPS 
E. Ojaveer and M. Simm 
Tallinn Department of the Baltic Fishery Research Institute, Tallinn, 200001 Estonian SSR 
The course of reproduction of different herring groups in their spawning 
grounds in the northeastern part of the Gulf of Riga was studied in 1971-
1972 in relation to zooplankton abundance and water temperature at 13 stations. 
The production cycles seem to differ in different areas of the coastal slope. Each 
of the herring groups considered has adapted to using a certain maximum of 
young copepod plankters at the time of the transition of the larvae to exogenous 
nutrition. 
Four herring groups spawn in the Gulf of Riga. These differ in their morpho-
logical, biological and ecological features, their abundance dynamics and other 
characters (Ojaveer 1970, Rannak 1971; Ojaveer & Rannak, in press; etc.). It has 
been shown that the year-class abundance in the spring-spawning groups depends 
on the concentration of plankton organisms in the spawning grounds at the be-
ginning of the exogenous nutrition of the larvae (Lisivnenko 1961). There is no 
evidence of a similar dependence in the autumn-spawning groups. A study was 
performed to elucidate the mechanisms guaranteeing the survival of the herring 
groups and regulating the numerical strength of their year-classes. The relation be-
tween the abundance of the zooplankton and the time and place of reproduction of the 
herring groups was studied in 1971-1972 on the basis of plankton samples and 
temperature measurements obtained in 13 permanent stations in the northeastern 
part of the Gulf of Riga and investigations of the breeding of herring in the nearby 
spawning grounds (Fig. 1). The stations lay along two transects in the coastal zone 
rich in young stages of plankton: 1) extending from Pärnu Bay across the spring 
herring spawning grounds towards the open part of the Gulf of Riga, 2) extending 
from Kihnu Island across the spring and autumn herring spawning grounds 
situated on the coastal and bank slopes south of Kihnu. Since the herring larvae 
chiefly feed on copepod nauplii and I—III copepodite stages at the beginning of 
exogenous nutrition, the main attention was paid to the abundance dynamics of 
those groups. In the area considered, two species of copepods are relatively abundant: 
Eurytemora hirundoides and Acartia bifilosa. Liinnocalanur grirnaldii occurs in negligible 
quantities, mainly in spring. 
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Fig. 1. Location of the stations and the spawn- 
ing grounds of the herring groups in the north- 
eastern part of the Gulf of Riga. 
1 spawning grounds of the spring-spawning 
sea herring 
2 spawning grounds of the spring-spawning 
gulf herring 
3 spawning grounds of the autumn-spawning 
sea herring 
4 spawning grounds of the autumn-spawning 
gulf herring 
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RESULTS AND DISCUSSION 
Fig. 2 shows the densities of copepod nauplii at different times and in different areas 
with varying bottoms on the coastal and bank slopes. 
When the spawning areas of the herring groups are plotted against the density 
of nauplii, it becomes clear that herring spawn in the places where the concentration 
of nauplii is highest at that time. Apparently each of the four herring groups, 
spawning at different temperatures and in different places, is adapted to using a 
certain peak of abundance of nauplii or a certain branch of the food chain. Important 
preconditions of this adaptation were presumably: 1) the relative stability of the 
spawning time of the herring, which depends on the occurrence of the conditions 
necessary for the embryonal development of the group and on the stability of the 
hydro meteorological conditions in a certain area, and 2) the stability of the temporal 
course of zooplankton reproduction in certain areas resulting from the relative 
stability of the hydro meteorological and light conditions. This adaptation has prob-
ably originated in connection with the much lower survival of herring larvae oc-
curring outside the maximum abundance of zooplankton in space or time. The same 
causes are probably responsible for the persistence of differences between the herring 
groups, despite of some mixing in the spawning grounds of the sea and gulf herring 
of the same seasonal group. 
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Fig. 2. Average densities of copepod nauplii 
(per m3) along the transects in different periods 
in 1971-1972. 
IIIII herring spawning area in corresponding 
period 
Actually, the hydrölogical conditions vary from year to year, and influence 
the time and intensity of reproduction of Euryterrora hirundoides (especially tempera-
ture). The survival of the herring larvae diminishes considerably if the intensity 
of zooplankton reproduction is small or the period of maximum abundance of the 
young plankters (nauplii and I—III copepodite stages) does not coincide with the 
period of transition of the larvae to exogenous nutrition. The coincidence of these 
periods is to some extent determined by temperature. Each herring group has 
adapted to spawning in a certain temperature range: the spring-spawning sea herring 
spawns at 5-13°; the spring-spawning gulf herring at 9-16°; the autumn-spawning 
sea herring at 8-16.5° and the autumn-spawning gulf herring at 7-12° (Ojaveer & 
Rannak, in press). Consequently, in a cold spring, when the biological processes 
are slowed down in the sea, the temperature retards the spawning of the spring 
herring, but in warm springs, when intense plankton reproduction begins earlier, 
the high temperature accelerates the spawning (Fig. 3). Thus, it seems that tern-
perature regulates the beginning of the spawning period of the spring herring groups, 
keeping the period of transition of the herring larvae to exogenous feeding rela-
tively near to the time of maximum abundance of copepod nauplii. 
The occurrence of suitable conditions for the reproduction of the herring groups 
depends largely on the mixing of the water in the spawning grounds before and 
during the spawning period. In windy years the surface temperature in the herring 
spawning grounds remains under 16-17° (the upper limit for herring spawning), the 
thermocline lies in the deep layers and the temperature is suitable for spawning within 
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Fig. 3. Times of disappearance of ice, the first 
maximum of I—III copepodite stages of E. 
hirundoides and the beginning of the spring 
herring spawning period in Pärnu Bay. 
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Fig. 4. Extent of areas on the transects with 
temperatures favourable for the spawning of 
the herring groups in 1972 and the actual 
extent of spawning. 
spring-spawning sea herring (5-13°) 
— — — spring-spawning gulf herring (9-16°) 
autumn-spawning sea herring (8- 
16.5°) 
---------- autumn-spawning gulf herring (7- 
12°) 
The actual spawning areas of the herring 
groups are shown by the corresponding 
curves. 
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Month 
a large part of the water column. Environmental conditions are much more limiting 
in calm years, when the surface temperature rises rapidly over 16-17° and a sharp 
thermocline is situated relatively near the surface, the area suitable for spawning 
being confined to a narrow strip in the vicinity of the thermocline. 
The spawning periods of the seasonal groups of sea herring start with spawning 
of low intensity in a restricted area. The spawning of the sea herring is limited by 
low temperatures in early spring (Fig. 4). The reproduction of the autumn-spawning 
sea herring commonly begins in a narrow layer of the thermocline at the bottom (like 
the end of breeding of the spring-spawning gulf herring). In such conditions spawning 
is never intense and the breeding place alters steadily depending on the hydrological 
conditions. Mass spawning of the herring groups starts immediately after intense 
mixing of the water layers creates favourable hydrological conditions in the spawning 
grounds and causes considerable broadening of the layer in which environmental 
conditions are suitable for spawning (Ojaveer 1970). Spawning is completed in less 
favourable conditions. In spring herring spawning shifts from the coast towards the 
open sea but in autumn it starts in relatively deep water and finishes near the coast 
(Fig. 4). 
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In summer, when a sharp thermocline exists, the area suitable for spawning is 
narrow and can be situated within the limits of the thermocline (Fig. 4). At the 
bottom of the comparatively shallow coastal zone, where the herring breeds, large 
and rapid changes can occur in the hydrological conditions at the thermocline and 
the temperature readily deviates from the range suitable for the normal embryonal 
development of the herring group. Therefore, in summer (particularly in calm 
years) conditions are extremely unfavourable for the survival of the herring em-
bryos. This can account for the absence of herring spawning in summer in spite 
of a high density of copepod nauplii at this time (Fig. 2). 
Cushing (1967) showed that herring groups breed in different seasons in dif-
ferent areas, depending upon the time of maximum primary production. These 
groups have adapted to the use of different production cycles at the transition of the 
larvae to exogenous feeding. In the Baltic the distribution of herring groups is 
different from that in the North Sea and Atlantic. In almost all the Baltic areas (with 
the exception of some border districts populated only by the spring herring) spring 
and autumn herring occur together and their spawning grounds can even somewhat 
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Fig. 5. Abundance dynamics of young copepod 
plankters (nauplii and I—III copepodite stages) 
and occurrence of herring larvae under 10 mm 
in length in the spawning grounds of the dif- 
ferent herring groups in 1971-1972. 
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overlap. The spawning grounds of the different herring groups differ clearly in the 
abundance dynamics of copepod nauplii and I—III copepodite stages (Fig. 1,5). 
The maximum abundance of the young copepod plankters occurs in May -
June in the spawning grounds of the spring-spawning sea herring, in June — July 
in the grounds of the spring-spawning gulf herring, and in July — August in the 
grounds of the autumn-spawning sea herring. The difference between the spawning 
grounds in this respect is best expressed by the dynamics of the nauplii of Euryternora 
hirundoides (Fig. 5). The reproduction cycles of certain copepod species depend on 
the abundance of phytoplankton (Cushing 1967). In the area investigated, Euryte-
mora hirundoides is one of these species. The maxima of the young stages of this species 
occur about 1.5 months after the maxima of the phytoplankton biomass (Fig. 6). 
Fig. 6. Dynamics of the phytoplankton bio-
mass in the Gulf of Riga (Nikolaev 1961) and 
abundance dynamics of I—III copepodite 
stages of Eurytemora hinosdoides and Acarlia 
bifrlora (1960-1972) in Pärnu Bay. 
phytoplankton biomass 
------ E. hirundoides 
— . — A. bifilosa 
In this respect Acartia bifilosa differs from Eurytenzora hirundoides, apparently being 
independent of the phytoplankton cycle. Consequently, the fluctuations in copepod 
densities shown in Fig. 5 can be assumed to reflect changes in primary production 
in different parts of the transects (Fig. 1) occurring about 1.5 months earlier. It is 
of interest that the spring herring groups and the autumn-spawning sea herring have 
adapted to using the young stages of Eurytemora hirundoides at the time of the tran-
sition of the larvae to exogenous nutrition. In contrast, the young stages of Acartia 
bifilosa seem to be important for the autumn-spawning gulf herring, since they have 
a maximum in the spawning grounds of this herring group at the time when the 
larvae commence exogenous feeding. 
In the spawning grounds of the spring herring groups, the maxima of copepod 
nauplii and I—III copepodite stages show good agreement with the period of the 
transition of the herring larvae to exogenous feeding (Fig. 4). In the autumn spawning 
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grounds, they do not accord so well, especially in the breeding places of the autumn-
spawning sea herring. It is possible that in the northeastern Baltic, near the limit of 
the autumn herring area, this seasonal group is less well adapted to the environ-
mental conditions than the spring herring groups. It is also possible that the abun-
dance dynamics of the young copepod plankters in the spawning grounds at Kihnu 
(Fig. 4) is not quite typical of all the spawning grounds (e.g. of those situated on 
the offshore banks) of the autumn-spawning sea herring of the eastern Baltic. 
CONCLUSIONS 
1. At the transition of the larvae to exogenous nutrition, each of the herring 
groups considered is able to use a certain maximum of copepod nauplii. This seems 
to be an important condition of the survival of the herring groups. 
2. Although plankton reproduction varies with the widely varying hydrological 
conditions, temperature regulates the beginning of the spring herring spawning 
period to some extent, keeping the period of the transition of the herring larvae 
to exogenous feeding near to the maximum of young copepod plankters. 
3. The mass spawning of the herring groups occurs within temperature ranges 
characteristic of the groups, immediately after the disappearance of the thermocline 
and vigorous mixing of the water layers in the spawning grounds. 
4. The abundance dynamics of the young stages of -Euryte7zora hirfordoides shows 
that the production cycles differ in different areas of the coastal slope. 
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COMPOSITION OF FOOD OF THE BALTIC HERRING 
(CLUPEA HARENGUS v. MEMBRAS L.), FOURHORN 
SCULPIN (MYOXOCEPHALUS QUADRICORNIS L.) AND 
EEL-POUT (ZOARCES VIVIPARUS L.) FROM DEEP SOFT 
BOTTOM TRAWLING IN THE ASKÖ - LANDSORT AREA 
DURING TWO CONSECUTIVE YEARS 
Gunnar Aneer 
Department of Zoology and the Askö Laboratory, University of Stockholm, 
S-113 86 Stockholm, Sweden 
An investigation of the fish fauna from deep soft bottoms between the depths 
of 30 and 50 metres in the Askö—Landsort area was carried out between Sep-
tember 1970 and September 1972. The three species dominating in the catches 
taken by bottom trawling, Baltic herring (Clupea harengus v. membras), fourhorn 
sculpin (Myoxotephalea grradricornis) and eel-pout (Zoarces vivipanu), were 
examined with regard to their food. Seasonal cycles were found in the com-
position of the food of all three species. In the herring, planktonic crustaceans 
played the most important part during the first half of each calendar year. 
During the second half, Mysis spp. and Ponloporeia spp. dominated. In the 
fourhorn sculpin, Ponloporeia spp. were the most important food item and 
were present throughout the period. During the winter months sculpin roe 
dominated. In the food of the eel-pout, Ponloporeia spp. dominated during 
most of the period. Harnothoe sa -si displayed a peak during the winter and 
summer months in 1970-1971 and during the summer months in 1972. 
Bivalves (Macoma Gallica and Mylihu edulis) had a peak during spring 1972. 
The importance of Ponloporeia was the most striking feature of the food com-
position in all three species. 
Below are presented some results obtained during an investigation of the fish 
fauna in the Askö — Landsort area during 1970-1972. The aim was to obtain a 
qualitative picture of the most important links leading to the fish in the food web. 
It was part of the Askö project »Energy flows through Baltic ecosystems» and deals 
with the three dominant species in trawl catches from deep mud and sand bottoms. 
Being a species of economic importance, the Baltic herring has been examined 
earlier by several workers (Hessle 1925a, b, Jespersen 1936, Ehnholm 1947, 1951, 
Popiel 1951). Of the other two species, the fourhorn sculpin has only once been 
investigated for a year or more (Westin 1970), but this investigation was carried out 
only in depths down to 25 metres. Larsen (1936) examined a few eel-pouts which 
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were caught during one week only and therefore his result does not show any sea-
sonal variations. 
If a proper idea is to be obtained of the food composition in fishes, it is of great 
importance that material is collected during periods of at least one year to cover 
seasonal changes. The results should be checked by continued sampling to find 
out if the composition of the food displays the same pattern from year to year. 
MATERIAL AND METHODS 
The material was collected on 27 occasions between 22 September 1970 and 14 September 1972, at 
time intervals ranging from 14 days to six weeks, in the waters around the Askö Laboratory (58°49'N 
17°38'E). The sampling was carried out with trawlers hired from the fishing fleet stationed near by. 
Bottom trawling was used on all occasions except on 18 May 1971 (pelagic trawling). The trawling 
was performed on mud and sand bottoms at depths between 30 and 50 metres. The mesh-size in the 
cod-end was at first 18 millimetres (knot to knot), but from 1 March 1972 onwards, a trawl with a 
mesh-size of 10 millimetres was used. Three localities were fished. The first from the beginning 
until 18 May 1971, the second between 23 June 1971 and 28 September 1971 and the third from 2 
November 1971 to the end of the investigation. On most occasions the sampling took place just 
after dawn. 
Sixty herrings were examined on all but two occasions, when the numbers were 30 and 50. Twenty 
fourhorn sculpins and eel-pouts were examined, or less if the number of specimens was smaller. 
The numbers of fish examined were 1580 Baltic herrings, 433 fouthorn sculpins, and 178 eel-pouts. 
The body length was measured from the snout to the end of the caudal fin. On the first three sampling 
occasions the food was studied by the occurrence method but from 5 November 1970 onwards the 
volumetric method was used (see Hynes 1950). The contents of the intestine were not studied. The 
results are presented as percentages of the total volume of the stomach contents on each sampling 
occasion. The fat content yvas determined by Kontrollanstalten för Mejeriprodukter och Agg, KMA, 
in Malmö by a combination of two methods (Anon 1950, 1965). 
RESULTS AND DISCUSSION 
The total numbers of fish examined and the length distributions are shown in Fig. 1. 
BALTIC HERRING 
No comparison will be made between spring and autumn spawners, as no difference 
in food composition was observed. The dominant food items are shown in Fig. 2. 
In the lowest right diagram in the Figure the percentages of feeding herring and 
the mean volumes of the stomach contents at each sampling are shown. The cyclic 
occurrence of the dominant items is clearly seen. 
During the summer months the herring started feeding on the two mysids Mysis 
mixta and M. re/icta. This was also reported by Hessle (1925b) for autumn-spawning 
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Fig. 1. Length distribution of the examined sp^cies 
herring. Both mysid species inhabit deep and cold water. M. mix/a usually consti-
tuted more than 80 °/, of the mysids during autumn 1970 'but only about 50 % in 
autumn 1971. In 1972 M. relicta was dominant. 
In November — December the importance of the amphipods Poatoporeia affinis 
and P. femorata increased and they became the dominant food items for a short 
time. P. afirris averaged 80 % of the volume of both species. Pontoporeia spp. were 
present in 74 % of the samples. 
The polychaete Harrzothoe sarsi occurred especially during the months January—
April but also displayed a minor peak in the late summer months. The volumes 
never exceeded 50 % of the total volume in a sample. 
During the winter months the herring started to feed on planktonic crustaceans 
and these constituted its main food until the end of summer. In autumn 1970 and 
at the beginning of spring 1971 zooplankton was absent or comparatively scarce in 
the stomachs. Andreasson (1972) showed that the total number of planktonic crusta-
ceans in the investigation area did not exceed 300 000/mz until May, when the num-
bers increased. A total of 1 480 000/m2  was found in June 1971. The amounts of 
zooplankton in the herring stomachs were high between the end of April and the 
end of June 1971. During 1972 zooplankton dominated from the end of January 
until the end of August and the percentages were somewhat higher. The dominant 
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determinable planktonic species were Acartia bifilosa and Eurytenrora sp., but be-
cause of the high rate of decomposition a complete analysis of the species compo-
sition has not been made. According to Andreasson (1972), the dominant species 
in the area were Acarlia spp., Euryte7Irora sp., Pseudocalanus aJin01'us eionpator, and 
Temora longicoritis during autumn 1970 and spring 1971. Ehnholm (1951) found 
that plankton dominated during the summer months in his material. As mentioned 
above, the occurrence of zooplankton in the stomachs of herring during the first year 
was lower than during the second year. The condition of the herrings was poor in the 
first year, especially during the autumn. In Fig. 3 the variation of the mean fat content 
is shown. The fat content was markedly lower during the first year. The percentage 
of herrings with empty stomachs was 47 % for the period September 1970 — Septem-
ber 1971 but only 33 % for the period November 1971 — September 1972, which 
indicates better feeding conditions during the second year. The reason for the bad 
° ON D J F MAN J J A SO N D J F M AM J J A S 	Fig. 3. Baltic herring. Fat content as percentage 
1570 	 1971 	 1972 	 of total body weight. 
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conditions in the earlier year may perhaps be found in the extremely long winter and 
in a sudden and prolonged cold water inflow in July 1970. 
Some food items indicated that the herring have taken food directly from the 
bottom. A Macoma balt/ca was found in one specimen and periostraca from both 
Macoma balt/ca and Mytilus cdu/is were present in several stomachs. A number of 
ostracods and fragments of algae were also found. In eight specimens from 22 Sep-
tember 1970 and in one from 22 October 1970 wheat grains were present and small 
blue pieces of plastic were found in two specimens. Other items occurring at ir-
regular intervals and in small amounts were Idothea spp., Mesidothea entomon, Hyperia 
galba, Gammarus spp., Ca//lop/us ra/hl/el, Hydrobia spp. and fish. Chironomidae pupae 
were found in June and Ehnholm (1947) also found these in one-year-old herrings 
at the same time of the year. 
In the lowest right diagram in Fig. 2 the percentage of feeding herring is shown. 
The number of these was lowest during December in both years. The mean stomach 
content volume per feeding herring was high on the first sampling occasions, partly 
owing to the presence of some fish and bivalves. During the rest of the investigation 
the values were low. According to Popiel (1951) the herring does not feed uniformly 
throughout the day and the fish caught in the morning hours always contain less 
food than fish taken later. This could explain the low volumes. 
The general picture of the feeding cycle is very much like the feeding cycle of 
the autumn-spawning herring described by Popiel (1951), but the material consisted 
mainly of spring spawners, unlike that of Hessle (1925a). 
FOURHORN SCULPIN 
The dominant food items are shown in Fig. 4. Ponioporeia spp. were by far the most 
important item and were present throughout the investigation. The occurrence 
of Pontoporeia spp. was in accordance with the report of Westin (1970). P. affinis 
dominated over P. femorata in all the samples except three and averaged 75 % of 
all the Pontoporeia specimens. The percentage of Pontoporeia spp. decreased during 
the spawning time of the fourhorn sculpin in both years and at the same time of the 
year Harmothoe sarsi displayed an increase in volume. This species was present in 
all the samples except one. The isopod Mesidothea entoreron was more common during 
the first year but displayed a very clear increase during April and May in both years. 
This was also found in Westin's investigation. Mysids occurred at the same time 
as in the herring but the amounts were relatively smaller. The species found were 
Mysis mix/a and M. relicta, the former being dominant. 
Clupeidae (i.e. herring and sprat) constituted the main part of the fish consumed. 
A peak was found in the period October — December but during the rest of the 
year the distribution was somewhat irregular. During the winter months a con-
siderable amount of fourhorn sculpin roe was consumed. In spring 1972 roe from 
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another fish species, most probably herring, was found. Several other items occurred 
more or less irregularly in the samples. Periostraca, mostly from Mytilars, occurred 
regularly but never in larger amounts. 
The percentage of feeding fourhorn sculpins is shown in the lowest right diagram 
in Fig. 4. Compared with Westin's material, they were relatively well fed, as the per-
centage of feeding fish was seldom below 90. The number of fish with empty stom-
achs was highest during the winter months, which is the time of spawning. But 
the mean stomach content volume per feeding fish was highest at that time owing 
to the large size of the food items eaten. 
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Fig. 4. Fourhorn sculpin. The left-hand and upper right diagrams show the percentages of 
dominant items in the food on each sampling occasion. --------occurrence method and 
volumetric method. In the lower right diagram 	shows the percentage of feeding sculpins 
and -------- the mean stomach content volume per feeding sculpin. 
EEL-POUT 
The dominant food item (Fig. 5) was Pontoporeia spp., which were found on all 
sampling occasions. P. afinis averaged 91 % of the Pontoporeia specimens. The 
decrease in their percentages during the winter and summer months are largely 
due to the more frequent occurrence of Harmothoe sarsi during these periods. The 
low percentage of Harrloihee during the second winter may be misleading, since 
very few fish were examined. Only ten specimens with stomach contents were found 
between November and April. 
Bivalve molluscs, in this case l'lyiihu cdu/is and Maco»ra ballica (75 %), were im-
portant during the spring of 1972. This may be connected with the change of lo- 
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Fig. 5. Eel-pout. The left-hand and upper right diagrams show - the percentages of the dominant 
items in the food on each sampling occasion. -------- occurrence method and 
volumetric method. In the lower right diagram 	shows the percentage of feeding 
eel-pouts and -------- the mean stomach content volume per feeding eel-pout. 
calities made in November 1971. Periostraca of these mo]luscs were present during 
the first year but completely missing during the second year. This investigation 
gives a totally different picture of the food of the eel-pout from Larsen's (1936) 
but the two studies are difficult to compare, as they have evidently been performed 
on materials from completely different types of bottom. Several other items were 
found, such as ostracods, isopods, amphipods and fish, but only in low numbers. 
In the lowest right diagram in Fig. 5 the percentage of feeding eel-pouts is shown. 
The lowest numbers were found in December — January, the time when this spe-
cies releases its brood. The highest mean stomach content volume per feeding eel-
pout was found during spring. 
COMPARISON BETWEEN THE THREE SPECIES AND SOME REMARhS 
The importance of Pontoporeia spp. for all three species is the most striking 
feature in the composition of their food. However, it must be pointed out that this 
investigation has been carried out on material from one type of bottom only and 
is therefore not valid for fish from other bottom types. The importance of Ponto-
poreia is in good accordance with the findings of Ankar and Elmgren (1974), who 
showed that Pontoporeia spp. constituted between 25 and 50 % of the biomass on 
mud and sand bottoms between depths of 30 and 50 metres in the investigation area. 
As mentioned before, Westin (1970) also showed the importance of Ponioporeia 
affinis to fourhorn, sculpins. Pontoporeia was very important for the two demersal 
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species throughout the year, while the pelagic herring relied upon it most heavily 
during the time when the mature Pontoporeia males are pelagic (Segerstråle 1937) 
in November — December. 
Harniothoe sarsi occurred at regular intervals in the stomachs of all three species_ 
It was most important to the eel-pout. The volumetric values are probably under-
estimated in most of the specimens examined as this species is easily decomposed 
and the volumetric values are based on the actual remains, i.e. mostly jaws, chaetae, 
and sometimes the proboscis. The same problem is encountered with the remains 
of fish, but is not often as pronounced as with Harivothoe. The occurrence of Hariio-
Jhoe sarsi seems to be connected with its spawning in the winter and the time of its 
annual biomass maximum, at the end of the summer (Sarvala 1971). Harmotboe 
is a semipelagic species and the herrings probably feed on it while it is swimming 
in the pelagic region during the night. 
Mysids, being pelagic, were more important to the herring than to the other 
species. IVlysis aiixta, at least, makes diurnal vertical migrations (Otterstrom 1910), 
which makes it an attractive food item to both demersal and pelagic species. The 
fourhorn sculpin fed on mysids at the same time of the year as the herring. The 
mysids were not important to the eel-pouts. 
The occurrence of periostraca in the stomachs does not necessarily mean that 
the fish fed on the bivalves from which the periostraca came. It is more probable 
that they were accidently eaten when the fish picked up other items from the bottom. 
In bottom grab samples sieved at the laboratory the amount of periostraca has some-
times been considerable. The periostraca found in the stomachs mostly originated 
from Mytilus edit/is. 
All three fish species displayed the highest percentages of empty stomachs during 
the winter months. 
CONCLUDING REMARKS 
The results presented here in combination with quantitative estimates of prey 
organisms obtained by other workers will facilitate indirect computation of fish 
production. Direct production estimates of fish are limited by the enormous dif-
ficulties in obtaining quantitative data and it is therefore necessary to develop better 
methods for quantifying fish. The present methods are unsatisfactory for these 
purposes and give at most semiquantitative results. 
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TE THREE-SPINED STICKLEBACK (GASTEROSTEUS 
ACULEATUS) IN THE FOOD CHAINS OF THE NORTHERN 
BALTIC 
Risto Lemmetyineni and Jukka Mankki2 
'Archipelago Research Institute, University of Turku, SF-20500 Turku 50, Finland 
°-Kokemäenjoen vesistön vesiensuojeluyhdistys r.y., SF-33500 Tampere 50, Finland 
Three-spined sticklebacks were collected with a seine in 1972 and the stomach 
contents analysed in the laboratory. Samples were also taken of known pred-
ators of the sticklebacks. The number of sticklebacks increased towards the 
beginning of June, when mature individuals began to spawn in the upper 
sublittoral zone. After the offspring hatched in July, the mature fish disappeared. 
The main food of the mature sticklebacks in the early summer consisted of 
Nereis diversicolor, small crustaceans and chironomid pupae. Later in the season, 
their food also included fish eggs and offspring. During the late summer and 
the autumn, the young sticklebacks consumed plankters, especially Diatomae, 
Cladocera and Copepoda. 
The three-spined stickleback constituted the main part of the food of 
Sterna paradisaea, S. hirundo and Mergrrr serralor, and was eaten in smaller quan-
tities by Mergru merganser and E.rox l,/ti//s. 
The three-seined stickleback, Gasterostears aculeatus, is one of the most abundant 
fish species in the northern Baltic, and it is of great importance in the food chains 
of the ecosystem. Since the stickleback is economically unimportant, its ecology 
is rather insufficiently known. Only a few scattered observations on the food and 
feeding ecology of the species have been published for the southern (Filuk & Zmud-
zinski 1965) and northern Baltic Sea (Levander 1909, Jääskeläinen 1921, Aneer 
1969). 
At least during a part of the year, the three-spined stickleback is an important 
source of food for some predators (Segerstråle 1948, Filuk & Zmudzinski 1965, 
Bagge et al. 1970, Lemmetyinen 1973a, 1973b). 
The present paper deals with the occurrence of the three-spined stickleback 
in the upper sublittoral zone in the northern Baltic, the composition of its food 
in different age groups and its proportion in the diet of some of its predators. These 
predators are the pike (Esox larcius), goosander (Mergus merganser), red-breasted 
merganser (M. serrator), arctic tern (Sterna paradisaea) and common tern (S. hirundo). 
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MATERIAL AND METHODS 
The fish were collected in the middle archipelago of southwestern Finland by hauling a seine along 
the sea bottom straight towards the shore-line, starting from a distance of about 60 m (Lemmetyinen 
1973b, Mankki & Vauras 1974). The fish were preserved in 4 % neutral formalin, and the contents 
of the stomachs were analysed. Macroscopic food items were sorted, and the rest of the contents 
was passed through a membrane filter. The membrane with its residue was then transferred to a 
microscope slide, where it was covered with immersion oil and cleared by placing it in an incubator 
at about 40°C for 24 hours. After clearing, fixing fluid (PermountR) was added to the membrane, 
which was finally covered with a coverslip (see Moore 1963). After preservation, the proportions 
of different planktonic organisms were determined on the slides. The volumes of phytoplanktets 
found in the food of the sticklebacks were calculated with the values presented by Melvasalo (1971) 
and those of the zooplanhters with the values of Ackefors (1972). The dry weights of the plankters 
were determined by calculating 13 °,ö of the total volumes (Mullim 1969). 
The dry weights of the macroscopic food items were determined on undigested specimens found 
in the stomachs of the sticklebacks, except those of Ga;nmar u spp., IVereis diversicolor and newly-
hatched fish, which were determined on specimens of similar size preserved in 4 %, formalin. All 
the samples were placed in an incubator at 80°C for 24 hr before they were weighed. 
The food of the predators of the three-spined stickleback was examined by killing 23 goosanders 
and 21 red-breasted mergansers in the spring and analysing the contents of their alimentary canals, 
and by collecting 294 pellets of the young arctic tern and 227 of the common tern (see Lemmetyinen 
1973a). Fifty-one pike, 0.5-2.0 kg in weight, were also caught in various localities. However, the 
stomachs of many of the fish obtained around the beginning of August were empty; only 26 con-
tained food remains. 
The samples were analysed in the microscope at low magnifications and each food item was deter-
mined as far as possible. A more detailed description of the sampling and analysis methods is pre-
sented elsewhere (Lemmetyinen 1973a). 
OCCURRENCE OF THE THREE-SPINED STICKLEBACK IN INSHORE 
WATERS 
The numbers of fish species collected in the upper sublittoral zone are given in 
Table 1. The three-spined stickleback was clearly most numerous, comprising about 
55 % of the total catch. Mature individuals came to spawn in inshore waters towards 
the beginning of June and disappeared in mid July (Table 2), when only newly-
hatched offspring were left behind. 
COMPOSITION OF THE FOOD OF THE THREE-SPINED STIChLEBACI 
Although plankters, especially Bosmina and Pollon, were found in the stomachs of 
numerous adult sticklebacks, their proportion of the dry weight of the food was 
only about 8.4 % (Table 3). The dry weights of macroscopic food items in the 
samples were great, but the frequencies of these foods were rather small. Pupae 
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TABLE 1. The number of fish species obtained with a seine hauled in inshore waters of the archi-
pelago of southwestern Finland in 1970-1972. 
Fish specks 	 No. 
Gastcresteus 	aculeatus 	........................................... 11 788 
Clupea 	harengus 	mem bras 	...................................... 19 
C. 	sprattus 	....................................................I 1 
Esox 	lucius 	................................................... 1 
Phoxinus 	phoxinus 	............................................ 5 899 
Rutilus 	rutilus 	................................................. 38 
Scardinus 	erythrophtalm us 	....................................... 26 
Alburnus 	alburnus 	............................................. 1 377 
Blicca 	björkna 	................................................ 1 
Pungitius 	pungitius 	............................................ 1 502 
Siphonosto ma 	tvphle 	.......................................... 5 
Perca 	fluviatilis 	................................................ 419 
A m m odytes 	lances 	............................................. 100 
Po matoschistus 	minutus 	........................................ 174 
Coitus Bobio 	.................................................. 6 
21356 
TABLE 2. The numbers of the three-spined stickleback, Ga.rteroi/eu stitlealur, excluding newly-
hatched offspring, in the samples collected with a seine in 1972 at Kustavi, northern 
Archipelago Sea. 
Dare 	 No. of hauls 	 No. of 	 No. of stickle- 
rrick!cbacks backs/haol 
26 April 	.............................. 4 1 0.3 
2 May 	............................. 4 54 13.5 
13 » 	............................. 7 11 1.6 
22 » 	............................. 3 353 127.7 
31 » 	............................. 2 1 554 777.0 
5 June 	............................. 2 989 494.5 
12 » 	............................. 2 287 143.5 
22 » 	............................. 2 1 436 718.0 
3 July 	.............................. 3 98 32.7 
14 » 	.............................. 3 87 29.0 
21 » 	.............................. 2 — - 
27 August 	........................... 2 — — 
of chironomids, and fish eggs were found most frequently. Gammarus and Corophitim 
species were found in only a few stomachs, although in large quantity (Table 3). 
Zooplankaers were the only food source of young sticklebacks. The important 
groups were Cladocera (Bom9zna spp.) and Copepoda (calanoid copepods). No re-
mains of macroscopic animals were found. 
THE THREE-SPINED STICKLEBACK AS A PREY 
The percentages of the three-spined stickleback in the diets of different predator 
species are biven in Fig. 1 and Table 4. More detailed list of other food animals of 
the predators are given by Bagge et al. (1970) and Lemmetyinen (1973a). The re- 
158 
TABLE 3. Composition of the food of adult and young three-spined sticklebacks in the archipelago 
of southwestern Finland. The adult fish were collected between 4 June and 5 July 1972 
and the offspring between 31 July and 5 October 1972, and on 8 February 1973. 
Adult fish 	 Offspring 
Time of catch 
Early summer 
(n = 79) 
Frequency Dry 
of occur- 
	Dr
rcnce (%) 	(Ftg) 
Late summer and 
autumn (n = 126) 
Frequency Dry 
of occur- 	weight 
cencc (%) 	(/AS) 
\\-inrev (n = 40) 
Frequency Dry 
of occur- 	weight 
rcncc(%) 	(fit S) 
Diatomeae 
Thalassiosira 	ballies 	.......... 6 0 68 8 200 	— - 
Rotatoria 
Keratella 	uadrata 
q 
3 7 11 16 	— -  
Cladocera I 
Bosmina coregoni var. maritima 16 547 28 19 000 	— - 
Podon polyphemoides 	........ 10 1004 1 1 — - 
Copepoda 
Calanoida 
adult 	...................... 3 420 39 113 900 	28 1 470 
larvae 	..................... 5 12 62 7 100 35 290 
Harpaeticoida 
adult 	...................... 4 29 1 1 	— - 
Cirripedia 
Balanus improvisus 
larvae 	..................... i 1 5 — — 	— - 
Lamellibranchiata 
larvae 	...................... 13 31 — — 	— - 
Total planktonic species ...... 	.. 2 055 148 218 1 760 
Polychaeta 
Nereis diversicolor 	............ 5 2 500 — — — - 
isopoda 
Idotea spp .................... 1 900 — — — - 
Amphipoda 
Gammarus spp ................ 4 3 700 — — — - 
Corophium volutator .......... 1 8 700 — — — - 
Diptera 
Chironomidae 
larvae 	..................... 9 500 — — — -  
pupae 	..................... 24 2 000 — — — - 
Pisces 
eggs 	...................... 27 5 000 — — — - 
larvae 	..................... 4 1 300 — — — - 
24 600 — — — — Total macroscopic species ........ 
mains of three-spined sticklebacks were found in about 77 % of the pellets of young 
arctic terns and in 85 % of the stomachs of the red-breasted mergansers. About 
60 % of all the prey items in the food of the young arctic terns were sticklebacks 
and the proportion in the red-breasted merganser was nearly 90 %. The proportions 
of sticklebacks were somewhat less in the food of the common tern and goosander, 
but about 70 % of the pellets of young common terns and about 52 % of the stom-
achs of the goosander contained spines of the three-spined stickleback. The pro- 
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Fig. 1. Proportions of the three-spined stickleback in the food of the 
arctic tern, common tern, goosander and red-breasted merganser. The 
ordinate shows the percentage of the food in the samples and the abscissa 
the percentage of the food item in the total number of food items. 1 = 
sticklebacks, 2 = other fish, 3 = crustaceans, 4 = insects, 5 = Mytilr s 
eldis, 6 = 112acoma Gallica, 7 = Cardirnn lamarckii and 8 = Nereis 
divers/co/er. 
portion of sticklebacks in the diet of the pike was about 37 % of all the prey animals 
(Table 4). It is possible that the proportion may be even greater in pikes of smaller 
size. 
DISCUSSION 
According to the present results, young sticklebacks fed solely on plankton 
species until late winter, and did not eat bottom animals and macroscopic crus-
taceans until late spring, when they were almost one year old. Although the food 
of the adult sticklebacks commonly included plankton, the most important food 
sources were macroscopic animals and fish eggs. 
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TABLE 4. Numbers and frequency of various prey animals of the pike, Elox Altior, in the stomachs 
of fish (n = 26) collected in the archipelago of southwestern Finland 1972. 
Spccics No. Frcqucocy 
Gasterostcusaculeatus 	.............................. 32 8 
Clupea harengus membras 	.......................... 12 6 
Cyprinidac 	spp. 	(Leuciscus/Abramis) 	................ 5 4 
Pungitius 	pungitius 	................................ 1 1 
Perca 	fluviatilis 	.................................... 3 3 
Gymnocephalus 	cernua 	............................ 1 1 
Percidae 	spp ....................................... 3 3 
Pomatoschistus 	minutus 	............................ 9 4 
Cottidae spp ....................................... 2 2 
Unidentified 	fish 	.................................. 14 11 
Leander 	adspersus 	................................ 1 1 
Isopodaspp . 	......................................' 1 1 
Mvtilus 	edulis 	....................................I 3 1 
Total I 	87 
Caution must be exercised in assessing the role of the three-spined stickleback 
as a prey in food chains of the northern Baltic. The spines of sticklebacks are rather 
resistant to gastric juices, and thus their proportion in food samples may easily be 
exaggerated. However, when the courtship feeding of the arctic tern and the feeding 
of chicks were observed from a hide with a telescope and binoculars, the three-
spined stickleback was found to constitute a large percentage of the food of these 
birds (Lemmetyinen 1973a). 
It has been found in the laboratory and in the field that, owing to its large spines, 
predators avoid eating the three-spined stickleback if alternative food exists (Hoog-
land et al. 1957, Boecker 1965). The three-spined stickleback is less timid than many 
other fish species because of the protection given by the spines, and it chooses a 
relatively open type of habitat (Hoogland et al. 1957). Thus this species is rather 
easy to catch. 
From the beginning of June to the first half of July, Gasterosteus is very abundant 
in the upper sublittoral zone of the northern Baltic. As the choice of prey items 
is rather limited, the stickleback constitutes an important food source for its pred-
ators, especially in inshore waters with F cus vesiculosus. After the disappearance of 
the mature sticklebacks around mid July, the predators have to switch to other 
species. Goosanders, for instance, are observed feeding- in August on small crus-
taceans (Grenquist 1942), and the arctic tern migrates from the northern Baltic at 
the time when the mature sticklebacks disappear (Lemmetyinen 1973b). 
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AN INTERDISCIPLINARY MARINE PROJECT AT THE 
UNIVERSITY OF KIEL 
»SONDERFORSCHUNGSBEREICH 95»') 
Gotthilf Hempel 
Institut fur Meereskunde an der Universität Kiel, D-23 Kiel, FR Germany 
An interdisciplinary research scheme, »Sonderforschungsbereich 95», which 
is focussed on the interaction between the sea bed and the water column. 
started in 1971 at Kiel University, Physical oceanographers and geologists study 
the processes related to sedimentation and erosion in the mud-flats of the 
North-Frisian coast and in various depth zones of the Western Baltic. A pro-
tected area in the outer parts of Fekernförder Bucht is used for the analysis of 
the shallow water ecosystem, particularly for the study of the biological and 
chemical processes at the sea bed. 
Special attention is given to studies in experimental ecology under semi-
natural conditions, making use of floating sediment trays and sediment traps, 
cages and bell jars at the sea bed, and of a plankton tower. Measuring devices 
for continuous monitoring of environmental parameters are linked with a 
central data storage and processing system. About 50 scientists and graduate 
students are engaged in the various projects of SFB 95. 
In an attempt to promote university research, the German Research Association has 
launched the programme »Sondevforschungsbereiche» (special research projects). The 
aim was to raise the research potential of universities by increasing the staff and 
equipment above the level essential for teaching. The universities were invited to 
draft research projects which could not be carried out without additional funds and 
would bring together scientists of various disciplines, utilizing the existent research 
potential (staff and equipment) of the university and of neighbouring non-university 
institutes. About 100 projects in science and the arts are now financed with a total 
annual budget of c. 120 mill. DM. Each Sonderforschungsbereich (SFB) is a demo-
cratic organization. All the members participate in drawing up the programme and 
research budget and in electing new members and executive officers. 
The marine SFB on sea — sea bed interactions at Kiel has been in progress about 
two years. It consists of 47 members and a number of post-graduate students from 
various university departments (geology and palaeontology, zoology, applied physics, 
nuclear physics) and the various biological, chemical and physical branches of the 
s) Publication No 16 of Sonderforchungsbereich 95. 
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Institute of Marine Science. Willingness to cooperate and to contribute to well-
defined multidisciplinary projects are conditions for admittance of members and 
financial subvention by SFB 95. 
The scientists of SFB 95 are studying processes at the sea — sea bed interface in 
shallow waters, their aims being: 
a) to understand the processes responsible for the development of shelf sediments, 
b) to describe the biological and chemical interaction of the sea bed with the 
water masses and to produce a model of the shallow water ecosystem of the Kiel 
Bight, 
c) to measure the physical factors of wave action, currents, turbulence, tem-
perature and illumination governing the chemobiological interaction at an interface 
which has been largely neglected by physical oceanographers. 
The SFB is divided into three major subprojects, which are partly autonomous. 
One deals mainly with problems of sedimentololty and near-bottom water movements. 
In the North-Frisian Wadden Sea an experimental platform was installed for measure-
ments of near-bottom currents (within the last few centimetres above the sea bed), 
of pressure changes above and within the sediment and of turbidity under different 
tidal conditions. 
These observations will contribute to our knowledge about the physical environ-
ment (especially particle transport and water movements) of soft bottom fauna. 
Sedimentation and erosion as well as the effect of sheering forces in tilted sediments 
of different composition are studied experimentally in large tanks. 
Of particular biological interest are the geological studies on sedimentation and 
erosion in the furrows of the Kiel Bight. These old valleys are the channels through 
which most of the inflow of water into the Baltic takes place. In the vicinity of the 
furrows ripples of different size and direction were found and submarine dunes were 
investigated in detail by divers, underwater television and side-scan sonar. These 
dunes are rather stable and provide special habitats particularly for molluscs. The 
small-scale bottom topography of the area reflects the main water movements and 
is subject to rare sudden changes when the furrows are flushed at periods of storm. 
One subproject is exclusively engaged in the development of integrated measuring 
and recording systems which match the data-processing facilities ashore. Packets of 
sensors for temperature, salinity, near-bottom currents, pressure and light were 
built or are under construction. They transmit the data to a surface buoy or platform, 
which broadcasts them to the computer system at the Institute of Applied Physics 
for further processing. In addition to the routine programme, further commands 
can be fed into the system both for additional measurements and for operations such 
as the closing of sediment traps. 
New sensors have been developed to meet the requirements of biologists. Help and 
advice have been given on the problems of designing models, adequate collection, 
and the processing and analysis of large sets of data. The physico-mathematical 
group of this subproject established close working relationships with biologists and 
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geologists and had a great unifying effect without unduly dominating the work of 
the other groups. 
The ecosystem subproject is the largest one of SFB 95. It is mainly biological 
and chemical, but has close connections with sedimentology. It deals with the budget 
of organically bound energy and matter at and above the sea bed of the Kiel Bight. 
Since R e m a n e the study of the eulittoral and uppermost sublittoral, particularly 
their meiofauna, has advanced far in Kiel; various kinds of global determinations 
of chlorophyll, protein, detritus etc. were developed by K r e y and his students; 
micropalaeontology is also fairly well established and the study of the relationship 
of the macrobenthos and demersal fish has been transferred from Denmark to Kiel 
by fishery biologists. These independent lines were brought together in the develop-
ment of ecosystem models in SFB 95. The first step was the drafting of a scheme of 
all the major parts of the ecosystem by S m e t a c e le on behalf of Z e i t z s c h e 1' s 
group. The scheme showed links, gaps and overlaps in personnel and fields of work, 
and served as a plan for cooperation and re-orientation of research activities. 
Within two years a group was established, which now attacks the problem of 
describing the near-shore soft bottom ecosystem simultaneously from various direc-
tions. 
In order to facilitate collaboration it was decided to carry out most of the studies 
in a very limited area; after half a year of intensive surveying by divers, underwater 
television and bottom sampling, an area at the northeastern edge of Eckernförder 
Bucht was chosen. A 400-m-wide area extends from 7 m to 22 m depth over a distance 
of 900 m and is covered with various types of sediment: coarse sand with boulders, 
fine sand and sandy mud. The area is protected against fishing and shipping and can 
be used as a 'home garden' for controlled sampling and for experimental studies. 
The area is visited at least once a week by skin-divers. SFB 95 has a group of 
about 20 skin-divers, students and scientists under the technical supervision of a 
professional diver. The divers collaborate in biological and geological observations 
and sampling and in the installation of equipment as well as in in situ tests of sampling 
gear. A chartered boat and the research vessels of the Institute of Marine Science 
operate in the area. All groups benefit from the systems installed for recording tem-
perature and salinity as well as from routine observations of phyto- and zooplank-
ton. 
The sharing of divers, vessels and of the sensor and data-processing systems 
strengthens the collaboration and personal contacts between the scientists of different 
disciplines and institutes. The following are major installations in the home garden. 
S e d i m e n t t r a v s float as a false bottom 2-5 m above the sea bed at dif-
ferent distances from the shore at the 19-, 15- and 11-m isobaths. Each platform, 
suspended by lorry-tires, contains three shallow bowls with gravel, sand and clay. 
The main objective is to compare the rate of colonization by molluscs and meiobenthos 
in relation to the sediment on the tray and in nature and to water depth. 
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Various types of c a or e s are installed on the sea bed. They are diver-operated 
and intended for use in determining the grazing rates of fish and starfish and for 
measuring the growth rates, age at maturity and total life span of some of the more 
important benthic bivalves and polychaetes on new sediments. 
The p l a n k t o n tower is designed for experiments on the relationship 
between production and sedimentation under semi-natural conditions, in which, for 
example, nutrient content and light conditions can be controlled. It might also be 
used to study grazing, micro-patchiness and water properties. The tower is a steel 
frame erected at 11 in water depth, carrying a platform with a power source, trans-
mission station and recording devices. Four plastic bags with a diameter of 1.4 m 
hang in the tower; they extend from above the sea surface to the sea bed and are 
open at both ends. Environmental factors and sedimentation are measured con-
tinuously at various depths in the bags. 
B e 1 1 j a r s have been developed which enclose about 2 m3 of water. The bell 
jar is equipped with stirrers, automatic water samplers and various sensors for meas-
uring the exchange of gases, nutrients and organic matter between the bottom and 
the free water under various conditions of light and temperature, and particularly 
for examining the inorganic and organic composition of the sediments, their content 
of interstitial water and grain size. The experiments will put major emphasis on the 
problem of production-and decay of organic compounds at the surface of the sedi-
ments. A method was developed for the rapid determination of natural hydrocarbons 
in the sediment and water. It was shown that the concentration of natural hydro-
carbons at present exceeds the effects of oil pollution in the Baltic. The amount of 
water in the bell jar is limited and the methods for the determination of organic 
compounds have to be adjusted to a small sample size. For the hydrocarbon deter-
mination, 1 litre is sufficient. Methods for routine measurements of lipid acids, 
carbohydrates and amino-acids at very low concentrations are being developed. 
Particular attention is paid to the role of various carbohydrates as a biological energy 
source. Furthermore the transfer of dissolved organic matter into colloids and then 
into particulate matter and the reverse processes will be studied under aerobic and 
anaerobic conditions. 
Microbiologists will use the bell jar to study the sulphur metabolism of the sedi-
ment-water interface. Furthermore they measure the uptake of glucose, asparagin-
acid and sodium acetate saprophytes in order to learn more about the factors con-
trolling the oxygen consumption at the sea bed. 
A respiratory chamberwasdevelopedbySchrammtomeasurethe 
assimilation and respiration of macrophytes is situ. In this way the special difficulties 
of estimating production and turnover rates in the algal belt can be at least partly 
solved. The ecological studies of populations and biocoenoses in the home garden 
are supplemented with routine hydrographical and meteorological observations and 
sampling of plankton and benthos in the home garden area. These studies have 
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already provided a detailed picture of the succession of plankton blooms in the course 
of the year 1972 and of the sedimentation of the detritus. 
Unusual events in the plankton could be related to weather conditions and 
in turn — could be used to interpret the failure in recruitment of cod. 
Not everything can be done in the home garden. Studies on food webs in various 
parts and depth zones of the Kiel Bight had to be intensified. They were based on 
earlier and more recent observations on the occurrence and abundance of plankton 
and benthos. For the first time, the near-bottom plankton and benthos (hypoplankton 
and hyperbenthos) were studied in detail in the Kiel Bight. In the near-bottom layer 
the faunistic importance of the inflow of Kattegat water is of particular interest. 
New maps of the bathymetry and sediments of the Kiel Bight facilitated the selection 
of stations and the description of benthic communities of the phyto-, meio- and 
macrobenthos. 
The first attempts were made to arrive at overall figures for the tertiary benthic 
production of the deep zone of the Kiel Bight and for the grazing of fish. Apart from 
this exercise, we feel that we are still rather far from the stage at which quantitative 
modelling of the soft bottom ecosystem of the Kiel Bight will be possible. Further-
more, the area under study cannot be considered to be typical of the Baltic, as it is 
influenced to a varying degree by the inflow of Kattegat water. Compared with the 
values for the Baltic proper, the number of species is high. 
Nevertheless the studies may contribute to the understanding of the Baltic eco-
system, in particular the structure and functions of the soft bottom and to the develop-
ment of methods for quantitative studies in the field and in large-scale experiments. 
Particularly in the initial phase of SFB 95, assistance was received from many 
scientists in other Baltic countries. In its turn, the scheme may now help to strengthen 
international collaboration in the Baltic. 
Reference to recent publications of SFB 95 is made in the reports on various 
biological SFB projects published in this volume. 
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INVESTIGATIONS ON THE PHYTOBENTHOS IN THE 
»HAUSGARTEN-PROJECT SFB 95» IN THE KIEL BIGHT, 
WESTERN BALTIC 
H. Schwenke, W. Schramm and H. J. Black 
Institut fur Ivleereskunde an der Universität Kiel, D-23 Kiel, FR Germany 
This study deals with the phytobenthic component of a model system for the 
Haus arten» (a specially sealed-off area at Bok.nis Eck, Kiel Bight). Part cular 
attention is paid to exchanges occurring at the sea — sea floor interface. In 
a pilot study the phytobenthos model is divided according to structure and 
function. » Adnante» , » errante> and »radicante» vegetation components are 
all taken into account. The structural model considers the stability of the 
relationship between static and dynamic factors in the benthic vegetation. 
Regional and local ecological factors are included, but the parameters of water 
movement and type of substrate are considered specifically. 
The functional model describes the relations between the metabolism of the 
benthic vegetation and the exchanges occurring at the sea — sea floor interface. 
This study of functional relationships includes both laboratory and in situ 
experiments on the metabolism of benthic vegetation and considers the im-
portance of metabolism in the relations at the interface. 
These investigations deal with the partial ecosystem » phytobenthos» of the benthal 
system as a particular aspect of the long-term interdisciplinary research project SFB 95 
Kiel, under the title »Interactions sea — sea floor». This broadly corresponds with 
the aims of the working group »phytobenthos studies» of the Baltic Marine Biologists. 
THEORETICAL MODEL CONSTRUCTION 
The project and the current studies can be described under three main headings: 
1. Continuation of theoretical modelling of the phytobenthos component of the 
»Hausgarten» system. 
2. Studies on the vegetation structure with emphasis on the specific substrate-
ecological conditions of the western Baltic. 
3. Studies on the functional relevance of phytobenthic communities with reference 
to metabolic processes and energy flow. 
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During the construction of the phytobenthos model it became apparent that such 
attempts lead to characteristic problems: 
1. An ecosystem model or partial model is more than an energy-flow model. 
2. An ecosystem includes functional aspects as well as structural aspects. 
3. In a phytobenthos ecosystem the structural component is especially great. 
Moreover, the structural component is »constitutive». This is due to the meaning or 
essence of »vegetation». 
4. The structural aspects of a phytobenthos model can be expressed only in-
completely by energy languages, e.g. the Odum language used in this model. 
5. The structural content of the »benthic macrophyte population» can be widely 
neglected in an energy flow model. This is not true for the ecosystem model » Phytal» 
in the sense of Remane. 
Therefore, we have proceeded as follows: In a pilot mode], the phytobenthic 
ecosystem was first divided into a structural and functional part. In this the »adnante» 
(A), »errante» (E) and »radicante» (R) vegetation components (attached, loose-lying 
and rooted plants) were taken into account. All three components are equally im-
portant in the benthic vegetation of the western Baltic. 
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The structural part of the model is concerned with the stability of the static factors, 
in relation to the dynamic factors, in the benthic vegetation. Among the ecological 
factors, water movement and substrate are especially important in the western Baltic 
(Schwenke 1969). This approach requires interdisciplinary cooperation with marine 
physicists and marine geologists. In the diagram of the model, some of the inter-
disciplinary connections are shown (Fig. 1, [i]). 
In practice, investigations in the Kiel Bight meet with considerable difficulties: 
the density of human population in the coastal region with associated recreational 
activities, fishing, the great density of shipping, as well as military activities. Owing 
to these unfavourable conditions, field work must be performed in a specially scaled-
off area in the Kiel Bight, known as the »Hausgarten». In such a restricted area, not 
all the three components of the vegetation specific to the western Baltic are present_ 
Therefore all three cannot yet be included in our investigations. 
INVESTIGATIONS ON VEGETATION STRUCTURE 
Consequently, the present studies on the structural part of the model are restricted to 
the analysis of the structure of the adnate vegetation component, with emphasis on 
the substrate — vegetation interrelationships. The model requires an adequate 
combination of various methods for the analysis of the structure. The analysis must 
take into account: 
1. elements of the structure, 
2. their pattern and distribution, 
3. vegetation components, 
4. interrelationships with other components and ecological factors. 
Because of these requirements and because the model requires interdisciplinary 
research, the following combination of methods is used: 
1. Underwater television (UWTV) for reconnaissance of the general conditions 
bottom and vegetation, 
2. UWTV to establish characteristic areas for research, 
3. SCUBA-diving to clarify the floristic composition, 
4. SCUBA-diving to establish sampling areas (permanent quadrats), 
5. SCUBA-diving and UWTV for continuous monitoring. 
The application of UWTV in phytobenthos research made possible a new method 
of continuous recording of vegetation density. The SCUBA divers use the generally 
known techniques for mapping. 
The ecostructure describes the »adnante» component of the vegetation as stable or 
partly moving and directly dependent on the specific ecological factors, substrate 
and water movement. 
Geomorphologically the »Hausgarten» area is divided into two main zones. 
The upper zone, the »Restsedimentbereich» , lies above 13 m, and is markedly dif- 
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ferentiated from the lower zone, in which the sedimentation rate exceeds erosion 
(Flemming 1972). 
The differentiation of the facies (gravel banks, ripple fields etc.) decreases with 
depth and with the increasing density of boulders. The vegetation modifies the 
abrasion caused by the water movements, particularly with regard to the mobility 
of the substrate; with low intensity water movements, algal growth reduces abrasion, 
at higher intensities it promotes abrasion. 
These observations, made by SCUBA divers, are supported by the results of 
tank experiments on the hydrodynamics in benthic algae communities, see below. 
From this it follows, that vegetation, by modifying abrasion and transport processes 
in the substrate typical of the western Baltic, influences the stability of interrelation-
ships in our model. 
Density ranges, expressed as a percentage of total cover are used as a parameter 
for the vegetation pattern (Fig. 2). In the »Hausgarten» area, two UWTV profiles 
were made, 200 m apart and normal to the gereral trend of the coast-line. In the 
example given (Fig. 2), the profiles are 1.2 nautical miles long and start at 22 m 
depth. Between them, a 5 x 10-m square net was laid out. 
Maximum densities in vegetation appear at varying distances from the lower limit 
of the vegetation. A survey of the vegetation pattern shows that the vegetation is not 
arranged in belts of equal density, but consists of patches, distributed at random. 
This is true of the pattern on a large scale (several 100 m) as well as on a small scale, 
as shown by the 5 >< 10-m square net. 
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The frequency of medium density ranges (10 to 50 %) is highest, but low densities 
(0 to 5 %) are more abundant than 100 % cover. The distribution of vegetation 
density is shown in Fig. 3. The distribution of the vegetation in the »Hausgarten» 
area (Fig. 3a, b) is best described as a »mosaic structure». 
INVESTIGATIONS ON FUNCTIONAL INTERRELATIONS 
One would expect that the phytobenthos, which occupies and penetrates the transition 
zone between sea water and the sea floor, would influence the interrelation between 
sea water and the sea floor not only by its structure but also functionally, through the 
metabolism of the phytobenthic communities. 
In the greatly simplified functional model, the phytobenthos is linked to other 
components of the ecosystem (e.g. pelagic system, sediment system) for the present 
by means of the parameters radiant energy, O.,- and C05-exchange and nutrients 
(phosphate and nitrate), as well as organic matter produced by the plants. Here, 
attention must be drawn to the close connections that exist between the functional 
and structural model because of water movements. The difficulties encountered in 
measuring water movements in the substrate dimension necessitate close cooperation 
with the physicists in the SFB program. Preliminary model experiments on »form 
typical» benthic plants in a current tank showed the importance of the phytobenthos 
for the hydrodynamics of the interface. On the other hand, the metabolic exchange 
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in the phytobenthos is essentially controlled by turbulent exchange processes. In-
vestigations on exchange were commenced in order to analyse those interrelations. 
At present, the seasonal activity spectra of the main autotrophic components of 
the benthic communities in the »Hausgarten» are being investigated in the laborator-, 
with regard to light, temperature, salinity and nutrients (phosphate, nitrate). 
At the same time, in sutur measurements of gas exchange in the phytobenthos have 
been commenced. So far, the measurements have been performed on isolated com-
munities in closed systems (measurements in plastic-bag systems over periods from 
1 to 3 days). The O, exchange is detected by means of O, electrodes. 
The disadvantages of closed systems are well known (e.g. gradients in concentra-
tion, insufficient water movement) and therefore measurements over longer periods 
should be made in open flow-through systems. Test runs in shallow water have given 
satisfactory results (Schramm 1973). 
Using this system, it has so far only been possible to perform measurements on 
isolated plant parts or individual whole plants. At present, an open flow-through 
system using the tunnel principle is being developed in cooperation with chemists
•and physicists. In this system, the gas exchange as well as the nutrient level will be 
recorded. Particular consideration ought to be given to the simulation of water 
movement in the system. 
REFERENCES 
Flemming, B. 1972: Abrasionserscheinungen in der westlichen Ostsee siidöstlich Boknis Eck (Tauch-
beobachtungen). Diplomarbeit Kiel (unpubl.). 
Schramm, W. 1973: Langfristige in situ-Messungen zum Sauerstoffgaswechsel benthischer Meeres-
pflanzen in einem kontinuierlich registrierenden Durchflulisystem. Marine Biology 22: 
335-339. 
Schwenke, H. 1969: Meeresbotanische Untersuchungen in der westlichen Ostsee als Beitrag zu 
viner marinen Vegetationskunde. Int. Revue ges. Hyrlrobiol. 54: 35-94. 
Mcrentutkimuslait. Julk./Haysforskningsinst. Skr. No. 239 (1975) 173-178 
POPULATION DENSITIES AND CHARACTERISTICS OF 
MEIOBENTHOS IN DIFFERENT SUBSTRATES IN THE 
KIEL BAY 
Wilfried Scheibel and Wolfram Noodt 
Zoological Institute of the University of Kiel, D-23 Kiel, FR Germany 
Quantitative grab samples were studied to elucidate the following: 
1. Composition of meiobenthos of different substrates and abundance of 
the most important groups (Nematoda, Copepoda, ele.). 
2. Communities (associations) of Copepoda characteristic of certain types 
of substrates (clean sands, soft bottom, mixed bottom). 
3. Productivity of different substrates. 
The quality of the substrates seems to be the most important ecological 
factor as regards the composition of the meiobenthos. Nematoda are the 
dominant group in soft bottoms, mixed bottoms and middle to fine sands. In 
coarse sands and gravel Harpacticoidea are dominant. Other groups — Os-
tracoda, Tardigrada, Acari — are scarce in all types of substrates compared 
with Nematoda and Harpacticoidea. Gastrotricha prefer middle to fine sands 
but vary greatly in numbers. 
Specific associations of Harpacticoidea can be distinguished. More or less 
fine sands are characterized by a »Kliobkl/ees bo!nlicax eoenosis» . Coarse sands 
are populated by a greater number of species: most of them are substrate-
specific (Mesopsammon), but none is dominant. Soft bottoms are generally 
populated by fewer species, their associations being completely different from 
those of sands. 
The »productivity» is given here as numbers of individuals/m2. Finer sands 
contain an average of 560 000, coarse sands 380 000 and mixed bottoms 471 000 
—1 478 000 individuals/m2. 
The most important ecological factor for the composition of the meiobenthos in the 
sublittoral of the Kiel Bay is not diminished salinity but rather the type of substrate 
(Remane 1933, McIntyre 1969). In order to evaluate its influence on the occurrence 
of various groups of the meiobenthos, quantitative samples of different substrates 
have been studied. Substrates with many different grain sizes, comprising mixed sand, 
coarse sand, gravel and mud, have been examined at various localities in the Kiel 
Bay. The samples have partly been taken with a Reineck box grab, partly by divers 
(localities shown in the map of the Kiel Bay). 
KIEL BAY 
174 
50' 
54° 
30' 
a 
Depth 
Station I : 75m 
2 18 m 
3.23m 
6: 12 m 
20 	. 	5 I1 m 
'lo o 
Depth contours 	 ~" 
20m 
----I30m 	ilo°30' 	 tlo 
Fig. 1. Study area and sampling stations 
SUBSTRATE 
The following substrates are distinguished: 
— Mixed sand- coarse sand/gravel. 
— »Pure» medium fine sand and coarse sand 
— Muddy fine sand 
— Mud (with a high proportion of faecal pellets). 
The quantities of »pure» sand examined were 10 cm' n 20 cm3; all the other 
samples had the same area but a volume of 50 cm-. This difference is due to the 
fact that the samples from the different localities were taken at different times. 
The texture of these substrates determined the composition of the meiobenthos. 
We shall start by comparing the composition of the fauna of the »pure» medium 
fine sand with that of the coarse sand. The two types of sand differ in respect to the 
two dominant groups of the meiobenthos — Nematoda and Harpacticoidea. The 
number of harpacticoids rises with increasing grain size. In »pure» coarse sand and 
gravel harpacticoids are more numerous than nematodes. The latter predominate in 
medium fine sand and in finer substrates. The relation of the number of individuals 
is more or less constant between nematodes and harpacticoids for each type of sub-
strate. The other groups play only minor roles. Ostracoda, Tardigrada and Halacaridae 
o 0 0 	0 
0 	0 	0 
0 	o 	0 	0 
0 0 	0 	0 0 	0 	0 
0 	0 	0 
00 	0 	0 
0 o 	0 	0 
0 	0 	0  0 	0 	0 
0 	0 	0 	0 o o 	0 	o 
0 	o 	o I 0 0 	0 
0 	0 	0 	0 0 0 0 	0 
0 	o 	o 0 	0 	0 
0 	0 	0 lo 0 o 	0 
0 	o 	p- 
175 
are found on medium fine sand in small numbers only; on coarse sand at least tardi-
grades and halacarides are more numerous. The number of ostracods, unlike that of 
nematodes and harpacticoids, is very high in both substrates. 
COLO NIZATIO N 
All these groups of the meiofauna show more or less constant relations as regards 
their numbers on the different substrates. Gastotrichs decidedly prefer medium fine 
sand; their numbers may vary considerably. Sometimes they are more numerous 
than harpacticoids, sometimes there are only a few individuals. 
The meiobenthos of muddy fine sand and of mud is less diversified. 85 %-100 °,/° 
of the fauna are nematodes, the rest are harpacticoids and occasionally a few halacarides 
and ostracods. This is illustrated by Fig. 2. 
DISTRIBUTION OF THE MEIOBENTHOS( °/O 
COARSE SAND— 
MIDDLE TO FINE SAND 	 COARSE SAND 	GRAVEL 	 MUD 
STATION 1 	- STATION 5 	STATION 1. 	STATION 	BOKNIS ECK 
DEPTH: 	7,5m 	 11m 
	
12m 	 7,5m 	 26 m 
= NEMATODA 	 - OSTRACODA 	 = ACARI 
o°o 	= HARPACTICOIDEA 	 fflffljJ 	= TARDIGRADA 
Fig. 2. Distribution of the meiobenthos (%) 
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TABLE 1. Individuals/10 cm= 
Station 	 Dcpth(m) 	I 	Subsrrzrc 	 n(max.) 	u(min.) 0 	t-cores 
Boknis eck 	7.5 Coarse sand/gravel ........ 682 264 	473 6 
15 Medium sand 	............ 1 043 326 	684 6 
20 Mixed bottom ............ 1 911 1 059 	1 485 6 
26 » 	 Mud 	.................... 1010 I, 	822 	916 6 
1 7.5 Medium to fine sand ...... 1 143 94 	! 	618 12 
2 	 18 Mixed bottom 	.......... 541 375 	' 	458 3 
3 23 Mixed 	bottom 	.......... 447 284 	365 3 
4 	 12 Coarse sand 	.............. 768 111 	489 10 
Ii is not easy to compare the faunal composition discussed above with results 
obtained by other authors, since the substrates, geographical areas, and physico-
chemical conditions differ in each case. It can, however, be concluded that in »pure» 
coarse sands and in gravel harpacticoids are more numerous than nematodes (cf. 
Coull 1969). All the other substrates examined are characterized by the predominance 
of nematodes. This is in accordance with the results of many other authors (Wieser 
1960, McIntyre 1964, Wigley & McIntyre 1964, Muus 1967, Guille & Soyer 1968, 
Coull 1969, Stripp 1969, Tietjen 1969 and Gerlach 1971). These statements are valid 
only for the sublittoral zone. 
THE HARPACTICOID POPULATIONS OF DIFFERENT SUBSTRATES 
Different substrates in the Kiel Bay are typically populated by particular harpacticoid 
species. Species associations can be defined relatively well'for fairly homogeneous 
substrates. Quantitative samples should be taken regularly at the same spot if possible. 
The samples were taken over a period of one year (one sample per month); the 
localities were fixed by Decca values. Qualitative studies of the harpacticoid fauna 
along German shores have been carried out by Klie (1929, 1934, 1949, 1950), Kunz 
(1935, 1936, 1938, 1949, 1954) and Noodt (1952, 1953, 1956, 1957). A quantitative 
study has been performed by Schmidt (1968) when investigating the fauna of a sandy 
beach. 
The »pure» sublittoral sands examined, i.e. medium fine sands (two localities) and 
coarse sand (one locality), show an approximately constant spectrum as regards species 
of harpacticoids. 
The medium fine sand is characterized by the » Kliopsjllus holsaticus association», 
which also includes Scottopsyllus minor, Eoansula pygmaea, Paraleptastacus espinulatus, 
Leplastacus lalicaudatus and Rhigothrix minuta. A number of other species are also 
represented but never in great quantity. They are all interstitial species. 
The coarse sand can be less clearly characterized. It is richer in species and the 
harpacticoids are bigger ones, such as Paramphiascopsis longirostris, Amphiascoides 
.debilis, Mesockra inconspicila, 1Vitocra typica; Laophontidae are also common. 
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Completely different species and associations are found on soft bottoms (here 
only muddy fine sand is considered; no harpacticoids are found on pure mud). The 
following observations are based on only three samples per locality. Typical species are 
Danielssenia typica (mostly abundant), Stenhelia, gibba, Typhlamphiascus iyphlop.r, Halecti-
nosomagothiceps, Enhydrosoma curticauda, E. Tarsi and E. longifirrcatum. These species were 
present in all the samples. It may be noted that the instable salinities of the Kiel Bay 
influence the variety of species as compared with other regions. The total number 
of species in the Kiel Bay is already considerably reduced. Further details of the 
harpacticoid populations of mixed sediments in the Kiel Bay are given by Becker 
(1970). 
POPULATION DENSITY 
Population density is regarded here as a measure of production. As can be expected, 
»production» is different in different substrates. The profile at Boknis Eck is from 
near the shore, where there is a strong current; the other ones are farther from the 
shore. The sparser populations recorded in muddy fine sand at a greater distance 
from the shore cannot be ascribed to the lower number of samples. They are probably 
explained by the fact that the current near the shore causes higher population densities 
(cf. Table 1). 
The population densities of the meiobenthos of the Kiel Bay are probably not 
very different from those of other regions. The average numbers of individuals per 
square metre are: in coarse sand/gravel 380 000, in medium to fine sand 560 000-
623 000, in muddy fine sand 471 000-1 478 000 and in mud 760 000. These values 
seem to correspond with those of other authors (Gerlach 1971 and Stripp 1969, for 
the North Sea) notwithstanding some uncertainties as regards methods, length of 
cores and number of groups of animals examined. 
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ECOLOGICAL STUDIES ON THE PLANKTON IN THE 
KIEL BIGHT I. PHYTOPLANKTON') 
B. von Bodungen, K. von Bröckel, V. Smetacek and B. Zeitzschel 
Institut fur Meereskunde, Universität Kiel, D-23 Kiel, FR Germany 
The phytoplankton biomass and some relevant ecological parameters were 
examined at intervals of two weeks during 1972 in the Kiel Bight. (54°32'N 
10°03'E). The carbon and caloric contents of the seston, and the phytoplankton 
carbon calculated from cell counts showed that there were five major blooms of 
roughly the same magnitude. Except for one bloom in summer, most of the 
organic matter produced by these blooms sedimented and was rerrineralized 
largely- at the sediment-water interface. Nutrients were cycled five times in the 
course of the year, but the inputs and outputs due to other components of the 
ecosystem remain largely unknown. These results differ considerably from the 
text-book picture of two major blooms a year. Earlier authors probably did 
not take samples at short enough intervals and relied too much on chlorophyll 
values only. 
In a shallow coastal ecosystem such as the Kiel Bight, the interaction 
between the water column and the sediment is of the utmost importance. The 
structure and functioning of the ecosystem can be understood only if the 
interrelationships of the different subsystems are closely studied. 
An intensive survey of the phytoplankton and some relevant ecological parameters 
yvas carried out in 1972 in the »Hausgarten», a special area reserved for research 
at the entrance of Eckernförde Bay. 
This paper presents only the preliminary results of the investigation, which 
is being continued in 1973 with additional measurements of primary production by 
the 14C method and the concentration of silicate, nitrate, nitrite and ammonia in 
the water column. Trophic relationships within the plankton are being investigated 
in more detail and the qualitative and quantitative sedimentation of the seston is 
being studied. 
1) This investigation is part of project SFB 95 for investigating the interaction between the sea and 
the sea bottom, financed by the German Research Association (DEG). 
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MATERIAL AND METHODS 
The station, located at a depth of 22 m, was occupied twice a month on an average and samples 
were taken from five different depths. The following parameters were measured: temperature, salinity, 
dissolved oxygen, inorganic phosphate, seston dry weight, organic carbon, nitrogen and caloric 
content of the seston, chlorophyll a and phytoplankton standing stock and species composition. 
Particulate carbon and nitrogen were measured with a Hewlett and Packard CHN Analyzer and 
calories with a Phillipson Microbomb calorimeter by the method of von Bröckel (1973). Phytoplankton 
carbon was calculated from cell counts made with an inverted microscope with phase contrast equip-
ment. Dominant species were divided into three size groups and plasma volumes were either taken 
from Lohmann (1908) and Hagmeier (1960) or calculated by their method. The carbon content of the 
phytoplankton was obtained by multiplying the plasma volume by 0.11, as recommended by Strath-
mann (1967). 
RESULTS 
Fig. 1 gives the phytoplankton carbon values integrated over the 20-m water 
column. The curves show that there were five blooms of roughly the same mag-
nitude during the year. The first, in March, was caused by the diatoms Detonula 
confervacea and Sceletonema costatuw; the second, in May, almost solely by the small 
dinoflagellate Exuaviaella bal/lea. Blue-green algae (Anabaena sp. and Nodularia sp.) 
together with diatoms gave rise to the third, in July; the fourth, at the end of August, 
was dominated by the diatom Rhigosolenia faeroeensis, and the autumn bloom of 
Ceratium furus and C. tripos took place in October. The carbon values calculated 
from cell counts correspond well with the values for particulate carbon obtained 
from the CHN Analyzer during the blooms. This suggests that the detritus content 
of the water column during blooms was relatively low; between blooms, however, 
and in winter, most particulate carbon was present in the form of detritus. The only 
bloom for which the cell count carbon values did not correspond reasonably well 
with the particulate carbon values was the cyanophyte bloom. This was presumably 
due to buoyant algal filaments, which did not settle in the Utermöhl chambers and 
hence escaped counting. 
The curve of the integrated phosphate values in Fig. 1 shows an inverse relation-
ship to the phytoplankton biomass. With the start of the spring bloom in late Feb-
ruary, the phosphate concentration fell abruptly and the minimum value was re-
corded at the end of this bloom. As almost no zooplankton was present during 
this bloom, the grazing effect can be regarded as negligible. The detritus content 
was also very low as compared with the phytoplankton biomass, and the ratio of 
particulate carbon to nitrogen was only 5 : 1, which was the annual minimum. The 
cell counts were the highest for the year, averaging 9 • 106 cells 1-1 for the water col-
umn. The phytoplankton bloom, after exhausting all the available nutrients, reached a 
maximum of 9 g C m -' on 10 March. Within a few days, almost the entire stock of 
phytoplankton sedimented on the bottom, being clearly seen by our divers as a 
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Fig. 1. Integrated values for phytoplankton carbon, seston carbon and inorganic 
phosphate for the 20-m column. 
Phytoplankton carbon for the different systematic groups in the 20-m water column. 
Ioose green carpet. The growth of the bloom and its sedimentation occurred in a 
period of calm, sunny weather. This and the paucity of zooplankton for recycling 
nutrients speeded up the sedimentation of the bloom. 
The plankton deposits were decomposed fairly rapidly at the sediment-water 
interface and phosphate increased slightly, being taken up rapidly by the second 
bloom consisting of Exuviaella baltica, which seemed to develop primarily in the 
deeper nutrient-richter water. The bloom reached its peak in the middle of May, 
when 7 g C m -2 phytoplankton standing stock was recorded, although it was heavily 
grazed by zooplankton. By the middle of June this bloom had sedimented, giving 
rise to an increase in the phosphate concentration by early July. 
At the end of July the carbon content of the seston rose to 8 g C m -2 but the 
calculated phytoplankton biomass was less than half this figure. It is unlikely that 
an increase in detritus was responsible for this discrepancy. The next bloom reached 
its peak towards the end of August, with 7 g C m , and by the middle of September 
high phosphate values were recorded in the water layer below the halocline, which 
occurred at a depth of 8-10 m. After the break-up of stratification in October, 
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the autumn bloom of large dinofiageIlates, mostly Ceratium furus, attained a maximum 
of 6 g C m -2. This bloom also sedimented rapidly and the highest concentrations 
of phosphate (36 ,eg-at PO, m2)  for the water column were recorded in No-
vember. These cannot have been due solely to the remineralization of organic sub-
stances in the water column and, besides, by December the phosphate value had 
fallen to the winter average of 25 cg-at PO4v m, probably owing to mixing pro-
cesses leading to dilution. Evidently allochthonous organic material, probably 
dead phytobenthos, transported by mixing processes was responsible for these 
high values. 
Wherever an increase in the phosphate content was observed, the highest values 
in the water column were always close to the bottom and were accompanied by 
comparatively low oxygen values. The lowest oxygen values, 0.93 and 0.96 ml 
O 1- ' at 20 m on 19 September and 10 November, respectively, were recorded 
together with two of the highest phosphate concentrations measured (2.32 and 
4.95 fig-at 1-1, respectively). This shows that the remineralization of organic sub-
stances took place primarily at the sediment-water interface and not in the water 
column. Besides, the recycling of nutrients was comparatively rapid, as the five 
major blooms in the course of one year clearly illustrate. In the case of the two blooms 
in July and August however, the transfer of matter from one bloom to another 
evidently took place largely within the water column, as the interval between the 
cyanophyte and the Rhitiosolenia bloom was not accompanied by a pronounced 
fall in the carbon content of the seston and other relevant parameters, with a sub-
sequent rapid rise in the biomass of the next bloom. Besides, the two blooms were 
only four weeks apart as opposed to 6 to 9 weeks in the case of the other blooms. 
This was due not only to higher temperatures increasing the rate of remineralization 
but also to the development of a stable halocline, which acted as a »false bottom». 
Large quantities of detritus (2.54 g seston m -3 and 0.24 g C m) had accumulated 
in this boundary layer at a depth of 8 m and the oxygen content at this depth (5.9 
ml 1 -i) was lower than at 5 m (6.6 ml 1 -') and 10 m (7.3 ml 1 -1). The phytoplank-
tonic carbon (0.20 g m -3) was only about half that at 5 m (0.48 g m -3) and 10 m 
(0.37 g m -3). The fairly large and stable zooplankton population present during 
this period evidently played an important role in the remineralization of organic 
substances within the water column. However, we cannot say to what extent the 
zooplankton fed on the cyanophytes, as the biomass of other phytoplankters was 
considerable. Although we presume that this cyanophyte population developed 
autochthonously, we cannot exclude the possibility that they were carried in from 
loin-salinity areas. 
Fig. 1. shows the distribution of phytoplanktonic carbon between the following 
four groups: diatoms, dinoflagellates, cyanophytes and flagellates. Dinoflagellates 
clearly succeed diatoms and the smaller flagellates showed two distinct maxima, 
one in March and the other in May but their biomass never exceeded 0.6 g C m -2, 
whereas the other groups showed much higher figures. 
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Fig. 2. Integrated values for caloric, carbon and chlorophyll a contents of the 20-m 
water column. Zooplankton biomass and phytoplankton carbon for the 20-m 
water column. 
Fig. 2 shows the caloric and carbon content of the seston, and the chlorophyll a 
values integrated for the water column. The chlorophyll a curve is fairly typical 
of the Kiel Bight and corresponds reasonably well with the average values over the 
past 12 years (Krey & Zeitzschel 1971); showing a pronounced peak in the spring, 
a lower peak in autumn, several minor peaks in summer and the lowest values in 
winter. The phytoplankton carbon and the carbon content of the seston give quite 
a different picture of the annual course of the phytoplankton. The values for the 
caloric content of the seston not only support this picture but also show interesting 
aspects of the different blooms. The spring bloom had the highest carbon and chloro-
phyll content with a C/chl. a ratio of 25 : 1, but surprisingly the caloric content was 
the lowest for all the blooms (90 kcal m°). The Exuviaella bloom had a very high 
caloric content (160 local m 2) but a very low chlorophyll a content (C/chl. a = 148 : 1). 
With the other blooms, the C—chl.—cal. relationships also varied a great deal. The 
total caloric content of the blooms did not vary as much as their total chlorophyll 
a content. The cyanophyte bloom had a caloric content of 132 kcal m-2 and the 
Rhi:cosoleizia bloom contained 127 kcal m-2. The C/chl a ratio for this bloom was 
surprisingly high (144 : 1). The highest caloric value for the water column was 
recorded during the autumn bloom (177 kcal m°) and the C/chl a ratio was 80 : 1. 
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A comparison of the five blooms with regard to particulate carbon, chlorophyll 
a and caloric content shows interesting parallels and differences. Both dinoflagellate 
blooms have a high caloric and a low chlorophyll a content and the two diatom 
blooms have a comparatively low caloric content and a differing chlorophyll a con-
tent. The difference in the chlorophyll a content of the two diatom blooms may be 
due to the light factor, as the spring bloom with a high chlorophyll a content took 
place under poorer light conditions than the summer bloom. The seasonal variation 
of the caloric content of selton cannot be interpreted at this stage. 
In Fig. 2 zooplankton biomass expressed as dry weight is compared with phyto-
plankton carbon. With the exception of the spring bloom, zooplankton maxima 
tend to follow phytoplankton maxima. The first zooplankton maximum was caused 
by meroplanktonic larvae and their rapid disappearance may have been due to lack 
of food in the water column. The Exuviaella bloom was heavily grazed on by cope-
pods. Faecal pellets found in the water column were full of empty shells and un-
digested whole cells of Exuviaella. A rise in zooplankton biomass was observed 
following the cyanophyte bloom but zooplankton biomass reached its maximum 
for the year after the diatom bloom in late summer. It is not known to what extent 
the omnivorous zooplankton was preyed on by carnivores, but large quantities of 
copepods sedimented and were caught in sediment traps. 
CONCLUSIONS 
Primary production in the study area in 1972 took place mainly in five distinct 
blooms, with the dinoflagellates succeeding diatoms at regular intervals from March 
to November. Except in summer most of the organic substances produced in the 
water column sedimented rapidly after the bloom had reached its peak and all avail-
able inorganic nutrients had been incorporated into organic matter. During the 
summer months, decomposition of organic matter took place in the halocline and 
nutrients were cycled within the water column, this steady state lasting for only 
two months. The supply of organic matter to the sediment therefore took place 
in »bursts» and decomposition on the bottom was rapid and did not lead to anaerobic 
conditions. Replacement of depleted nutrients in the water column was also rather 
rapid and, with an adjustment for grazing, the phytoplankton standing stock during 
each bloom reaches about 10 g C m - . The caloric content of the blooms varied 
considerably and the ecological significance of this variation is as yet unclear. The 
C/chl a ratio of the phytoplankton varies considerably (from 16 : 1 to 149 : 1) and 
chlorophyll a values alone are therefore not a sufficiently good indication of phyto-
plankton standing stock. 
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DISCUSSION 
This description of the seasonal cycling of matter within the plankton shows. 
quite a different pattern from the accepted picture of two blooms a year, one in 
spring and the other in autumn. Lohmann (1908), who studied the phytoplankton 
standing stock at the entrance of Kiel Fjord, observed a very similar pattern, with 
an Exuuiae11a bloom in May and a Rhiosolenia bloom in August besides the spring 
and autumn blooms. However, he did not think that the cyanophytes were im-
portant, although they frequently discoloured the surface water in summer. 
Reasons for this very different pattern may be the situation of our station in a 
shallow coastal locality and the short intervals between sampling, which were rarely 
longer than two weeks. As Lohmann (1908) obtained a similar picture under the 
same circumstances, we do not think that 1972 was a very exceptional year, or that 
pollution was entirely responsible for the discrepancy in results. The species com-
position of the phytoplankton did not differ appreciably from Lohmann's descrip-
tions. Too much reliance on chlorophyll a values as an index of phytoplankton 
standing stock probably led earlier workers to overlook the summer blooms, and the. 
role of detritus in shallow water ecosystems may have been somewhat exaggerated 
in the past. The caloric content of seston is evidently a good indicator of plankton 
standing stock if accompanied by microscopical examination of samples and carbon 
measurements. 
In a shallow coastal ecosystem such as the Kiel Bight, the interdependence of 
the different subsystems is very great and of a. very dynamic nature. A proper under-
standing of the functioning of such a system will require some sort of modelling 
approach. Little is known about quantitative relationships within the food web and 
even some qualitative aspects are as yet unknown. The relationship between benthic 
primary producers and phytoplankton can only be guessed and even the magnitude 
of the production of the former in the Kiel Bight is unknown. It is thus impossible 
to assess the effects of the phytoplankton production and sedimentation on the 
benthos. If we keep lumping at a very general level in the preliminary stage and 
regard the Kiel Bight as a unit, we hope that, by combining the results of the dif-
ferent working groups, we will be able to obtain at least a rough picture of the inter-
relationships between the various subsystems, and not just a description of their 
structures. Such a preliminary model will serve as a basis for planning further in-
vestigations and the importance of the various components for the functioning of 
the whole system will be known. 
At this stage detailed simulation models of even parts of an ecosystem cannot 
be built, as the inputs and the outputs of the system can only be guessed at. Be-
sides, models essentially describe closed systems, preferably in a steady state, and 
from this point of view the Kiel Bight is highly unsuitable for modelling purposes_ 
We do not know well enough what effect water movements into and out of the 
Kiel Bight have on the whole system. To overcome these difficulties and gain a 
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better understanding of the qualitative and quantitative relationships of energy 
flow and the cycling of matter within the plankton, we have started large-scale in 
sita experiments with plastic bags within our plankton tower. If lateral transport 
is excluded, it may be easier to study the dynamics of the sediment — water inter-
face in sita using natural populations. 
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ECOLOGICAL STUDIES ON THE PLANKTON IN THE 
KIEL BIGHT II. ZOOPLANKTONI) 
w. Kraneis and P. Martens 
Institut fur Meereskunde, Planktonlabor Tannenberg, D-23 Kiel, FR Germany 
The carbon and nitrogen contents of the common copepod species in the 
»Hausgarten» near Boknis Eck (54°32'N 10°03'E) were investigated on samples 
taken between 23. I. 73 and 18. IV. 73. The standing stock of copepods increased 
from 32 mg C and 4 mg N in January to 438 mg C and 69 mg N in the middle 
of April. The average C/N ratio was 5.9:1. Pseodoca/anus elonga/err was the domi-
nant species and accounted for 60 % of the adult copepods in mid April. The 
caloric content of this species was 464 Kcal per 100 mg dry weight. A highly 
significant correlation was found between the carbon and caloric contents of 
this species. The microzooplankton stock in the water column did not change 
markedly from January to early April. On 23. I. 54. 0 mg C were recorded and 
81.7 mg C on 2. IV. but by the middle of April the standing stock had in-
creased to 347.9 mg C. Copepod nauplii accounted for the greater part of the 
microzooplankton followed by rotifers and ciliates. The sedimentation of 
faecal pellets per day and m= varied from 3.4 mg C in January to 11.1 mg C in 
mid April, 10.7 % and 3.2 %, respectively, of the copepod stock. These values 
seem rather low, which is probably due to bacterial decomposition in the 
sediment traps and to lateral transport out of the area. 
The estimation of the energy flow and the cycling of matter in an ecosystem 
requires that various components be measured with comparable units. A direct 
comparison of different ecological groups such as primary, secondary and tertiary 
producers as well as detritus and sediment is possible only under these conditions. 
In this paper organic carbon and nitrogen and the caloric content were chosen 
to represent the zooplankton standing stock. Another important component of the 
ecosystem is the detritus. Faecal pellets of copepods account for a large part of this 
detritus (Harvey et al. 1935, Johannes & Satomi 1966), and their assessment is 
therefore of great importance. A sediment trap located just above the bottom is 
probably the best way of collecting sedimenting seston, including faecal pellets. 
This investigation is part of project SFB 95 for investigating the interaction between the sea 
^. td the sea bottom, which is financed by the German Research Association (DFG). 
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MATERIAL AND METHODS 
Between 23. 1. 1973 and 18. IV. 1973 the reference station at the »Hausgarten», at the entrance of 
Eckernförde Bay, was occupied on 11 occasions. Vertical net hauls were made with 55 urn, 100 ,um 
and 300 Fcm Apstein nets. Samples taken with the 100 urn net were counted and the zooplankton 
content of the water column calculated. Fifty to one hundred animals of the dominant species were 
sorted out from each sample on to glass fibre filters (Whatman GF/C) and analysed in a Hewlett and 
Packard CHN Analyzer. The following species were analysed: Pseudocalanets 5/ange[/(r, Centropages 
hamatiis, Temora longicornis, Oilhona sieni/is and Acarlia sp. One hundred to one hundred and fifty 
animals were sorted on to membrane filters (Sortorius cellulose nitrate filters with a pore size of 
0.8 ism) and their caloric content measured in a Phillipson Microbomb calorimeter (v. Bröcicel 1973). 
All the animals used for analysis were taken from fresh samples without preservatives; the filters were 
deep frozen and dried for one day at 60 °C before analysis. 
Five-litre water samples were also taken with water bottles at 0, 5, 10, 15 and 20 m depths. The 
water samples were filtered through 20 iim gauze and the microzooplankton thus collected was 
counted with an inverted microscope. The carbon content of the microzooplankton present in the 
water column was calculated from these counts using the factors given by Lohmann (1908) and 
Hillebrandt (1972). 
Sedimenting selton was collected with sediment traps located at a depth of 20 m. The faecal 
pellets in the collected sediment were counted with an inverted microscope and their volume deter-
mined (Martens 1972). The faecal pellets were extracted and their carbon and nitrogen contents 
determined as percentages of their dry weight. The sedimentation rates of the faecal pellets were 
calculated from these results. 
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Fig. 1. Carbon content of dominant copepod species in a 20 m3 water column. 
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Fig. 2. Carbon and nitrogen contents of adult copepods and carbon content of microzooplankton 
in a 20 m3 water column. 
RESULTS 
Fig. 1 shows the carbon content of five different copepod species in a 20 m3 
water column. At the beginning of April, about four weeks after the spring phyto-
plankton bloom, the copepod standing stock increased rapidly from 125 mg C 
in mid March to 440 mg C in mid April, as shown in Fig. 2. The only species that 
did not increase rapidly was Temora lon,;icornis. The dominant species, Pseudocalanus 
elongatats, with a stock of 280 mg C • m -2 on 18. VI. 73 was responsible for 60 % 
of the copepod carbon, followed by Oithona similis and Acartia sp. accounting for 
15 % and 10 %, respectively. An average C/N ratio of 5.9 : 1 was obtained from 
these measurements. 
Fig. 3 shows the caloric content of Pseudocalamis elongatus under 1 m2 and the 
caloric content per dry weight. The maximum value recorded for this species was 
554 Kcal per 100 g dry weight in early March and the average value was 464 Kcal 
per 100 g dry weight. 
The caloric and carbon contents of the zooplankton correlated significantly at 
the 99.9 % level. (r = 0.981; n = 22) (Fig. 4). 
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Fig. 3. Total calories of Pseudoca/anas elongalus in a 20 ma water column and calories per mg dry weight 
of the species. 
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Fig. 4. Regression of carbon on caloric content of various zooplankton species. 
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Fig. 5. Microzooplankton carbon in a 20 m3 water column. 
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Various zooplankters, such as copepods, polychaete larvae and chaetognaths 
were included in the 22 measurements. 
The microzooplankton content of the water column only increased from 54.0 
mg C m -'- in early January to 81.7 me, C m -' in early April, but by the middle of 
April this stock had increased to 347.9 mg. The percentage of microzooplankton 
in the total holozooplankton fell from 83 % in early February to 38 % in the middle 
of April. Copepod nauplii, rotifers and ciliates were the major components of the 
microzooplankton (Fig. 5) and a ciliate maximum was observed at the end of Feb-
ruary. Fig. 6 shows the amount of faecal pellets that sedimented during the period 
of investigation. In January they had a value of 3.39 mg C day -gym -" and in early 
April and mid April 2.21 and 11.13 mg C m-2, respectively. The percentages of 
copepod carbon m -'- represented by these values are 10.7, 1.2 and 3.2, respectively. 
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Fig. 6. Dry weight and carbon content of sedirnented copepod faecal pallets. 
DISCUSSION 
The C/N ratio of 5.9 : 1 obtained in this study is the same as the value given by 
Cushing et al. (1958). The caloric content of 464 Kcal per 100 g dry weight for 
Pseudocalanus elongatzu is very close to the value of 468 Kcal given for the same species 
by Vinogradova (1962). Thus the carbon, nitrogen and caloric values obtained during 
this investigation correspond well to those given in the literature. 
The Apstein net with a 100 F4m mesh, which was used for estimates of copepod 
standing stock, is widely accepted as optimal sampling gear. The assessments of the 
amounts of zooplankton in the water column may therefore be assumed to be reason-
ably accurate. Compared with the values for zooplankton standing stock, however, 
the results obtained for faecal pellets collected in the sediment traps appear too low. 
If copepods consume 40 % of their body weight in food per day (Petipa 1970, Paf-
fenhöfer, pers. comm.) and this food (diatoms) contains 25 % C, then the copepods 
in question would consume 25 % of their carbon content a day. Not more than half 
of this ingested food is used up for growth, respiration and other activities per 
day (Harvey 1950). Therefore 12.5 % of the copepod carbon should be egested 
per day. However, values as low as 10.7 %, 1.2 % and 3.2 % were obtained. 
There are several ways of explaining this discrepancy. 
1. A large percentage of the faecal pellets is decomposed or eaten in the water 
column (Newell 1965, Johannes & Satomi 1966). 
2. The faecal pellets are decomposed by bacteria in the sediment traps. 
3. The sediment trap did not sample representatively owing to the lateral trans-
port of the sedimenting seston. 
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The first explanation is unlikely, as the sampling depth was only 20 m and with 
a sinking rate of 50-100 m a day (Smayda 1969) the faecal pellets would sediment 
too rapidly to be eaten in the water column. Besides no stratification was present 
and sufficient food was available in the water column in the form of phytoplankton 
and microzooplankton throughout the period of investigation. 
As regards the second explanation, the decomposed condition of the sedimented 
material and a microscopical analysis showed that bacterial activity in the sediment 
trap was very high. Johannes and Satomi (1966) found that the faeces of Palaemo-
netes pimgo were recognizable for only one week. Our sediment traps were in position 
for a period of 3 weeks. Adding bactericidal substances to the sediment traps will 
prevent bacterial decomposition of the sedimented material. Preliminary experiments 
with chloroform have given good results. 
As regards the third explanation, sediment traps located in open water do not 
necessarily sample the water column directly above, and particularly in Boknis Eck 
lateral transport due to currents can attain appreciable proportions. Lateral transport 
can be prevented by enclosing the water column under investigation in a plastic 
bag. We hope to overcome this difficulty with the help of large-scale in situ experi-
ments with natural populations in the »plankton tower». 
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AN APPROACH TO ESTIMATING THE PRODUCTION OF 
MACROBENTHOS AND DEMERSAL FISH IN A 
WESTERN BALTIC ABRA ALBA COMMUNITY') 
Wolf E. Arntz and Dietrich Brunswig 
Institut fur Meereskunde Kiel, 2300 Kiel, FRG 
On the basis of the investigations carried out in recent years in Kiel Bight it 
now seems possible to form a preliminary idea of the mutual ecological and 
production relations between the macrobenthos and demersal fish in this area. 
The ecological situation at the bottom of Kiel Bight is compared with the 
conditions in other well-explored areas, the differences are considered and a 
working model is suggested. The parts of this model that are already known 
are described, e.g., data are given on the biomass of the benthos and the com-
position of the food of the individual populations of demersal fish. Existing 
and future methods for the derivation of benthos production figures from bio-
mass data and autecological parameters are illustrated. Comparison of such 
figures with statistics on the composition and size of the demersal fish stocks 
clearly demonstrates the great significance of the bottom fauna for the pro-
duction of fish in Kiel Bight. 
The aim of the fishery biologists in »Sonderforschungsbereich 95» is to work out 
a quantitative concept of the relations between the major links in the food web 
at the bottom of Kiel Bight. To this end, since 1968 samples of macrobenthos and 
fish stomachs have been collected simultaneously. The material is still being worked 
up, but from the results already to hand it is possible to form a preliminary eco-
logical subsystem designed to fit the conditions in Kiel Bight and to make a first 
assessment of the magnitude of the production processes taking place in this area. 
THE INVESTIGATION AREA 
In comparison with other well-studied sea areas in boreal and temperate latitudes, Kiel Bight 
shows a number of special features, many of which are also found in the Danish waters (Boysen-
Jensen 1919, Blegvad 1930) and Mecklenburg Bight (Schulz 1969). The most important charac-
teristic of Kiel Bight, which is a transition area between the North and Baltic Seas, is the frequently 
changing water masses of varying salinity and temperature (Remane 1940, Krug 1963). This is 
accompanied by a widely varying influx of invertebrate larvae, fish larvae and young fish (Kändler 
1) Publication No. 23 of the joint research project »SFB 95 — Wasser und Meeresboden» 
sponsored by Deutsche Forschungsgemeinschaft. 
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1950, Banse 1956, Arntz & Weber 1972) from the northern Belt Sea, resulting in a certain instability 
in the composition of the macrobenthos and fish populations. However, it is precisely the most 
productive benthos species that fluctuate the least (Arntz 1971a). Owing to the relatively low salinity, 
the number of common species is not large; on the other hand, the individual numbers and the 
biomass are considerable. This facilitates the study of production. 
Kiel Bight is rather a shallow sea area; only in certain channels does the water exceed 20 m 
in depth (Fig. 1). This causes considerable turbulence which, especially during the winter and after 
stormy periods, fertilizes the whole water body with nutrients from the sediment. Thus a study 
of conditions at the sea bottom must include the entire water column; vertical migration of benthic 
animals and fish must also be considered. On the other hand, throughout the warm season there 
is a stable thermohaline stratification, which leads to an ecological separation between a shallow 
water (Matarna bal/ica) community, on sandy sediments, and a deeper water (Abra alba) community 
below 15 m on softer bottom deposits. Only the Abra alba community will be treated here. 
Finally, the intensive trawling in Kiel Bight affects the benthos and demersal fish stocks more 
than in otter areas. Up to a few years ago, only certain districts with a »clear» sea bottom were 
fished by otter board vessels. Arntz and Weber (1970) have reported on the ecological effects. 
Recently, as a result of employing bobbins, stony areas have also been trawled (Thurow 1970). 
Fig. 1. Kiel Bight, investigated area (Abra alba 
community) 
THE ECOLOGICAL SUBSYSTEM »MAC ROBENTHOS-DEMERSAL FISH» 
In Fig. 2 an attempt is made to model the food web in the Abra alba community in terms of 
Odum's energy language (as demonstrated by Jansson 1972). The system was roughly simplified: 
insignificant energy fluxes, as well as the demineralizing processes and all (more or less still un-
known) controlling factors have been omitted for the sake of greater clarity and in order to accen-
tuate the local features. 
The extensive water exchange described above permits high primary production with several 
prominent peaks from early spring to autumn (v. Bröckel et al. 1974). The remains settle in the 
deeper areas with little water movement, providing food for populations of filter-feeding bivalves, 
polychaetes, and mysids. A second pathway starts with the bottom diatoms. They receive sufficient 
light intensity for existence and are mainly utilized by pipetting clams (Masarna, Abra) and grazing 
cumaceans (Diastylis). The third important benthos group are the sediment feeders: a number 
of polychaetes and priapulids, and Ophiura albida, which leads over to the last major group, the 
invertebrate predators. Thorson (1960) attributes 98 % of the consumption of the macrobenthic 
net production in the Kattegat area to this trophic group, but its share is without doubt considerably 
lower in Kiel Bight. Starfish (As/enas rebens L.), which usually decimate the stocks of bivalves 
severely, are frequent only in the shallower parts of Kiel Bight. The function of the invertebrate 
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predators is taken over mainly by demersal fish. When feeding they keep to places where food ani-
mals are most abundant, thus acting as »stabilizers» for the system (Odum & Copeland 1969, as 
cited in Jansson 1972). 
Summarizing, characteristic of our system is the dominant part played by detritus-and sediment-
feeding organisms, which utilize the remains of primary production. The bulk of the macrobenthic 
species is fast-growing and short-lived; the cycling of matter, and the production on the bottom 
in general, are much greater than average. 
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Fig. 2. Food web in the Abra alba community 
SOME DATA ALREADY AVAILABLE ON THE S€JBSYSTEM 
Macrobenthos biomass. The following wet weight figures were compiled by 
Arntz (1971a); the dry weight and caloric values were determined by Brunswig 
(1973). 
In 1968, a mean biomass of 93 g live weight per square metre (i.e. 9.6 g dry w t/m2) 
was found in the Kiel Bight Abra alba community. In addition, the large clam Cyp-
ri za islandica accounted for 636 g wet wt/m' (21 g edible dry wt/m'). Tables la and 
lb show the systematic composition of the biomass. As regards numbers and bio-
mass, polychaetes and bivalves clearly dominate over small crustaceans and Ophiura 
albide. The maximum biomass was recorded in mixed sediments of sand and silt, 
the minimum values in the mud of the deeper channels containing hydrogen sul-
phide. 
Annual cycle of the macrobenthos. The macrobenthos displays a distinct annual 
cycle with a minimum standing crop in the period May — July and a maximum from 
November to January, primarily caused by polychaetes and bivalves. The high 
values in early winter can be explained by the preceding growth period. From that 
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time on, weight loss by senescence, predation and spawning exceeds growth until 
late spring, when the total biomass is at its lowest. However, the extreme values 
occur in different seasons in the different taxonomic groups. 
TABLE 1a. Minimum production (MP = Bti1~„ ax - BMm ; r,) in the Abra alba community (annual 
average per m) 
g 	Iivc 	\v t. I g dn- -. g ash-free kcal 
dry wt. 
macrobenthos without Cyprina 98.0 10.05 8.18 27.150 
food animals without Cyprina ........ 42.9 i 	3.39 2.55  13.030 
Cyprina 	isl . 	...... 	................. 530. 17.38 15.37 77.910 
food animals inel. Cyprina ............ 573. I 	20.5 j 	17.9 90.940 
TABLE lb. Composition of biomass (BM) in the Abra alba community (annual average per m2) 
a 	live 	pct. g dry wc. g ash-free 
dry wr. 
kcal 
Cyprina 	isl . 	.......................... 636.0 20.86 18.44 93.490 
other molluscs 	........................ 78.3 6.84 6.00 17.390 
polycheetes 	........................... 10.2 1.41 1.13 5.740 
crustaceans 	........................... 1.6 .31 .27 1.440 
echinoderms 	.......................... 1.7 .80 .28 .850 
priapulids 	............................j .9 .08 .06 .200 
nemertines 	.......................... .3 i 	.07 .05 .180 
anthozoans 	........................... .3 .09 .07 .110 
?' food animals without Cyprina ........ 93.3 9.6 7.9 25.870 
_`; food animals 	inel. 	Cyprina 	.......... 729.3 30.5 26.3 119.400 
Stock of demersal fish. Table (2a) shows the landings of demersal fish from the 
western Baltic, based on the statistics of the » Fischereiamt des Landes Schleswig-
Holstein» and the »Fiskeriberetning» of the Danish Ministry of Fishing for the 
years 1968-1971. The FRG cod yield values are taken from ICES » Annales bio-
logiques» (Thurow 1969, 1970, 1971, 1972). 
For statistical purposes Kiel Bight is combined with the Danish Belt Sea and 
Mecklenburg Bight areas (ICES region IIIc). The latter are, however, of secondary 
importance. The GDR landings (published in »Fischereiforschung») are omitted 
here because the GDR normally restricts its activities to Mecklenburg Bight and 
the Baltic proper. However, the present statistics provide no precise idea of the 
weight composition of the stocks of demersal fish, since some of the species are listed 
as »bycatch». Thus the bycatch figures had to be split up into whiting, dab, and 
others, according to the results of experimental fishing. So far, values taking by-
catches into account are available only for cod (Thurow 1969, 1970, 1971, 1972). 
For the dab we assume, in accordance with Arntz (1971b), a share in the bycatch 
of cod of 4 %, and for whiting a share of 6 %. The proportion of whiting in the 
herring bycatches is put at a similar amount. 
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TABLE 2a. Total landings of demersal fish from the western Baltic (in 1 000 t) 
1968 	 1969 
FRG 	Den, 	dis. 	sum 	FRG 	Dcn. 	div. 	sum 
bcc. byc. 
cod 	..................... 10.70 4.75 	! - 15.45 9.30 3.78 - 13.08 
whiting 	................. - .02 .47 .49 - .01 .51 .52 
plaice .30 .48 - .78 .23 .36 - .59 
dab 	..................... .13 .15 .07 .35 .09 .11 .11 .31 
flounder 	................. .40 .24 - .64 .32 .23 - .55 
others and not sep. landings (.00) .12 (.00) .12 (.00) .10 (.00) .10 
scm 	..................... 11.50 5.76 .54 17.83 9.94 4.59 .62 15.15 
1970 1971 
FRG 	Dcn. 	div. 	I sum 	FRG I Dcn. 	dim. 	sum 	o sum 
byc. byc. 
14.781 cod 	..................... 11.80 3.80 - 15.60 10.80 3.98 - 14.73 
muhking 
(.31 
.60 
p 	............ 	.20 .34 - .54 
.25 
.16 - .47 
dab 	...................... 
	
.07 .08 	~ .10 	I .06 .110 .11 27 .29 
flounder 	.................. 9 	f .27 56 .31 .23 .54 .57 
others and not sep. landings! 	(.00) .07 (.00) .07 (.00) 08 (.00) .08 .09 
sum 	.................... 	12.36 	I 4.57 .56 17.49 11.33 4.69 1 .50 16.53 16.75 
TABLE 2b. Presumed catch (p.c.) and presumed stock (p.st.) of demersal fish (exploited phase) 
in Kiel Bight A6ra alba community as calculated from yield and fishing mortality data 
(in 1 000 t) 
196s 
	
1969 
sum of 	cony. 	p.c 
	
fish. 	p.st. 	sum of 	P.C. 	p.st. 
catches 	fact. morf. catches 
W. Bs tt. F 	 W. Ba l r. 
cod 	..................... 15.45 .42 6.49 1.5 4.33 13.08 5.49 3.66 
whiting 	................. .49 	1 .70 .34 1.3 .26 .52 .36 .28 
plaice 	................... .78 .35 .27 1.4 .19 .59 .21 .15 
dab 	..................... .35 .70 	i .25 1.4 .18 .31 	j .22 .16 
flounder 	................. .64 .21 .13 1.4 .09 .55 .12 .09 
others and not sep. landings .12 .21 .03 	1 1.4 .02 .10 .02 .01 
sum 	.................... 17.83 7.51 5.07 15.15 6.42 4.35 
1970 	 1971 	 1968-71 
sum of p.c. p.st. 	sum of p.c. 	p,st, 	average 
catches entehes 
W.Balt. \Y/. Ba1Y. P.C. 	p.st. 
cod 	..................... 15.60 	6.55 	4.37 	14.78 6.21 4.14 6.19 4.13 
whiting 	................. .47 	.33 	.25 	.39 .27 .21 .32 .25 
plaice 	................... .54 	19 	.14 	.47 .16 .11 .21 .17 
dab 	..................... .25 	.18 	.13 .27 .19 .14 .21 .15 
Sounder 	................. .56 	.12 	.09 	I 	.54 .11 .08 .12 .09 
others and not sep. landings .07 	I 	.01 	.01 	I 	.08 .02 .01 .02 .01 
sum 	....................I 17.49 	738 	I 	4.99 	, 	16.53 6.96 4.69 ~ 	7.07 4.80 
In addition, the assessment of the proportion of the yield of the Abra alba com-
munity in Kiel Bight in the total western Baltic landings is another source of error. 
Table (2b) separates the supposed landings from the deeper part of Kiel Bight, which 
we are investigating here. The Kiel Bight portion of the total western Baltic landings 
is estimated at 70 % (Thurow, pers. comm.), and the share of the yield from the 
regions below 15 m is determined from experimental fishing for each species sep-
arately, both values being combined in the »conversion factor» (Table 2b). The 
age composition of the catches, comparative fishing, tagging experiments and eco-
logical data (cf. Thurow 1963, 1970-72, Arntz & Weber 1972) give some idea 
about mortality coefficients and the migrations of fish in this area. Nevertheless, 
for the time being we are confined to working with approximate quantities; this 
also holds good for the details concerning the fishing mortality and the calculation 
of the biomass of the stocks derived from it. The biomass (B) of the demersal fish 
stocks is computed by using yield (Y), in weight units, and fishing mortality data 
(exponential coefficient of fishing mortality, F) according to the equation 
B = Y/F (Gulland 1970). Therefore the result (»p.st.», presumed stock of the deeper 
Kiel Bight, Table 2b) merely refers to the exploited part of the stock. 
A second attempt at stock estimation is based on the most reliable cod landing 
figures (Thurow 1969-1972). We know from experimental fishing, carried out by 
Arntz during 1968-71 and by Thurow annually, the weight proportions of whiting, 
flatfishes, and other species, and of the unexploited phase of cod in relationship 
to exploited cod (Table 3). In whiting and plaice the stock weight values thus ob-
tained accord fairly well with the values in Table 2b, whilst the dab is obviously 
markedly underrepresented in the statistics. This can be explained by the high per-
centage of the unexploited part of the stock. Other demersal species, as well as 
juvenile whiting, plaice, and flounders contribute less than one per cent to the 
demersal fish stock of the Abra alba community. By far the most important bottom-
dwelling fish in our area is the cod, with a mean weight proportion of 84.5 % of 
the whole demersal fish stock. 
TABLE 3. Presumed stock of demcrsal fish (including unc ploitcd phase) in Kiel BightAbraa/ba 
community as calculated from cod landings and experimental fishing values (in 1 000 t) 
1968 1969 1970 1971 	o 1968-71 
weight stock weight 	stock 
proport.I 	 vt. 
svcighr 	stoct: weight stock 	weight 	I stock 
species propoa. wt. 	I proport. 	wt. propoa. wt. proport., wt. 
cod 	............... 1.000  4.S5 1.000 4.10 1.000 4.89 1.000 4.64 1.000 	; 4.62 
whiting 	........... .054 .26 .061 .25 .061 .30 .068 .31 .061 .28 
plaice 	.............. 041 20 .031 .13 .028 	I .14 .024 .11 .031 .15 
dab 	............... .073 .35 065 27 .052 .26 .056 .26 j 	.062 .29 
flounder 	.. 	..... .033 .16 	I .029 .12 .030 .15 .028 .13 .030 .15 
sum 	.............. 1 5.81 1 4.87 5.74 5.45 5.48 
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Composition of fish food. Of the most important demersal fish in the deeper Kiel 
Bight (cod, whiting, dab, plaice, flounder), up to now the food of dab (Arntz 1971b) 
and of cod (Arntz 1973b, 1974) has been examined. Extensive stomach material is 
available for the other species. The part played by the flounder in the consumption of 
the benthos below 15 m is relatively small, since, during its feeding period, this 
fish usually stays in shallow water. Fig. 3 shows that the food of the dab is very 
similar to that of young cod. With both species, small crustaceans (above all, Dia-
stylis rathl ei) and polychaetes (particularly I-Iarnrothoe and Nephthys) account for over 
half of the food weight. Nor is there much difference in the proportion of the bi-
valves (Cyprina isiandica soft parts; in the case of the dab, Abra (Syndoslyga) alba 
as well). In adult cod, Cypritaa and fish constitute a larger proportion of the food 
intake. 
Fig. 3. Composition of benthos and of stomach 
contents of dab and young cod, Kiel Bight 
Abra alba community 
The fish show a distinct rhythm in the diel intake of food and a clear annual 
sequence in the relative importance of food species and groups (Arntz 1971b, 1973a, 
1973b). At the moment a study is being made of the extent to which the preference 
of certain food animals can be explained by their food value, which, e.g. in the case 
of Cypriiza (whole animal) and cod, varies between 145 and 925 calories/g live wt, 
respectively (Brunswig 1973). 
DEDUCTION OF MACROBENTHOS PRODUCTION FROM BIOMASS 
VALUES 
A detailed assessment of the annual production of macrobenthic invertebrates 
requires a great number of autecological data which are not all available and will 
be collected in the near future. A simple method of assessment may be used to obtain 
a preliminary idea of the relationship between biomass and production at the bottom 
of Kiel Bight. 
26 19913-71 
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Annual »minimum production» in the Abra alba biocoenosis. We apply the 
term »minimum production» (MP) to the difference between the highest and lowest 
values shown by single populations or population groups in the course of one year. 
The prerequisite for the calculation of the MP is a distinct annual periodicity, as 
occurs in high latitudes. 
A very clear annual cycle can be observed with many one-year-old fast-growing 
species (Diastylis, Harmothoe, Abra). Their MP amounts to about 1.5-3 times the 
mean biomass. As they are severely preyed upon by fish, their actual production 
must be even higher. 
The MP of species with a longer life span is always somewhat below the average 
biomass. Within this group we have to distinguish between fast-growing good food 
animals, like polychaetes of the genus Ntphthjis, and non-utilizable thick-shelled 
bivalves, e.g. Astarte spp., the minimum and actual production of which is low be-
cause of slow individual growth and long duration of life. In 1968, the MP of the 
Kiel Bight Abra alba community was calculated at approximately 98 g live wt/m°, 
compared with a mean biomass of about 93 g/m (Cyprina excluded). For the whole 
area of investigation, this corresponds to some 82 000 t live wt of invertebrate bot-
tom macrofauna, more than half of which (46 000 t) was utilizable for fish. To this 
must be added 95 000 t of Cyprina soft parts. 
Future population dynamic investigations of the macrobenthos. The life his-
tory of many bottom-living invertebrate species has been studied by, e.g., Kuhl-
morgen-Hille (1963, 1965), Arntz (1971a) and Boysen (unpublished). Moreover, 
the isolated nature of the study area, the low number of species, and the interdis-
ciplinary cooperation favour a population dynamic treatment of macrobenthic 
production. The complex problems involved and the possible methods of assess-
ment can only be briefly treated here. 
The term »production» will be used for the sum of organic material built up 
by a population or community in a given area per year (= net production). It is 
calculated as the difference between biomass gain by growth and reproduction 
and biomass loss by predation, senescence and other causes. The population dy-
namic parameters, such as individual growth and mortality rate, vary considerably 
from season to season and from one age class to the other; they must be determined 
separately for different age groups and seasons by sampling at short intervals (about 
every two weeks). Therefore knowledge of the age composition is of basic interest 
when estimating the annual production of a several years old population. It is not 
surprising that the mass of studies in production biology have been carried out on 
bivalves, in which the age can often be read from the annual growth rings on the 
shell. But with most other taxonomic groups marks of age are missing, and we have 
to make use of the length-frequency distribution. However, the reliability of this 
method varies, depending on the duration of the spawning time, which, in many 
cases, lasts several months. 
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Natural fluctuations are another obstacle to production assessments. What is 
the use of a calculation with a 20 % accuracy, when the biomass of the population 
involved differs by one or two tenth powers in successive years? Presumably the 
problem can best be solved by treating the ecosystem as a flexible system: although 
the amount of fixed energy is similar in successive years, the energy is transferred 
from one trophic level to the other by different combinations of species, which on the 
whole accomplish the same ecological functions year after year. In practice two or 
three species should be selected out of a functional group, e.g. filter feeders; if pos-
sible the most common and important food animals. The parameters of their pop-
ulation dynamics should not be too difficult to determine and their growth and 
mortality rates should be representative of the whole group. The production of 
the group is then estimated by multiplying the production of the species investi-
gated with the reciprocal of the proportion of the species. If this procedure is re-
peated for several years with different species combinations, the mean will be a 
realistic value. 
DISCUSSION 
Figures on the exploitation of the food supply in defined areas are scarce be-
cause of the high expenditure of work involved. Generally, they are based exclu-
sively on the stomach contents of fish or on rough estimations of production in 
large sea areas (Gulland 1970, Ackefors & Hernroth 1972). It is most important 
for us, however, to come to general conclusions about the criteria of productivity 
by quantitative studies of different types of ecosystems. 
The fish stock assessment presented here is to be understood as a preliminary 
semi-quantitative attempt, and we look forward to detailed calculations, based 
on much more extensive data, by Thurow and his collaborators in the near future. 
The biomass value of the stock of cod given by Arntz and Hempel (1972) is ob-
viously too high owing to an underestimation of the effect of fishing. 
The macrobenthic fauna of Kiel Bight seems to be heavily preyed upon by the 
demersal fish stocks. Indeed the MP of good fish food (36 000 t in 1968) turned 
out to be a marked underestimation for several preferred food animals (Diastylis, 
Harmothoe), as has been shown by stomach analyses of cod and dab (Arntz 1971b, 
1973b, 1974). According to the new data on the demersal fish biomass (Table 3), the 
stock of cod alone in the deeper Kiel Bight may be supposed to have consumed 
at least 18 500 t of the macrobenthos and an additional 7 400 t of C1prina soft parts 
in 1968, and another 5 500 t of fish. When the consumption by the other demersal 
fish is added to the food intake by cod, it is found that at least half the annual mini-
mum production of valuable food organisms is utilized by commercial fish alone. 
Hence, the annual turnover rate for these food species may amount to one or several 
times the mean biomass. 
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At present we are carrying out field experiments on the spatfall, growth and 
predation of macrobetnhic invertebrates sheltered from larger predators by cages 
on the sea bottom. We hope that these studies, as well as the mathematical treatment 
of the data available, will take us a step forward in solving our problems. 
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SEASONAL VARIATIONS IN ABUNDANCE OF 
HYPERBENTHIC ANIMALS IN THE KIEL BIGHT 
Hans Otto Boysen 
Institut fur Meeteskunde, Abt. Fischereibiologie D-23 Kiel, Diisternbrooker Wag 27/22, FR Germany 
From April 1970 to March 1971 monthly samples of the hyperbenthos were 
taken at eight stations in the hiel Bight with Beyer's » epibenthic closing nets. 
The samples were sorted into systematic groups. The numbers of animals 
per 100 m5 filtered water were calculated. The seasonal variations were studied 
by calculating the monthly means of the stations. These means are given for 
the whole hyperbenthos, for the component plankton and benthos, and for 
the following groups: Cumacea, Mysidacea, Isopoda, Amphipoda, Crangonidae, 
Copepoda, decapod larvae, Polychaeta, Chaetognatha and fish larvae. It was 
found that throughout the year numerous animals live near the bottom, their 
numbers rising to a maximum from February to May and having a minimum 
in December. The benthos and plankton are of equal importance in the hyper-
benthos, except in September, when the plankton dominates. Only four sys-
tematic groups were responsible for the great seasonal variations: Copepoda, 
Cumacea, Polychaeta and Chaetognatha. The Iess important groups never 
reached such high numbers as these four and some of them were only to be 
found in late summer and autumn. 
The hyperbenthal is the transitional zone between the benthos and plankton. It 
is not a clearly delimited space, but the water layer near the bottom in which animals 
from two neighbouring »lebensraums» meet. It is the region where many demersal 
fish feed. Numerous animals occupy the hyperbenthal during different periods of 
their life or at different times of the day, when they are related to the substratum in 
one way or another (Beyer 1958). The plankton reaches the sea bed during its diurnal 
migration and the benthos rises to this or even higher levels of the water column. 
These facts have long been known, but the hyperbenthos could not be studied 
because suitable equipment for collecting samples from this region was lacking. It 
is only during the past few years that gear has been developed and employed for 
sampling the hyperbenthos quantitatively (Bossanyi 1957, Demel & Mulicki 1959, 
Macer 1967, Beyer 1968). Beyer and Hesthagen used the »epibenthic closing net» 
developed by Beyer in the Oslofjord; Hesthagen also made investigations on the 
Great Meteor Seamount and in the Kiel Bight with this net. The Kiel Bight is interest-
ing for hyperbenthos investigations because the deeper regions are connected with the 
Kattegat. The fauna of the Kiel Bight is a reduced version of the fauna of the Kattegat 
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region, especially near the bottom where water of high salinity spreads. The channels 
leading from the Great Belt into the Kiel Bight are of great importance for water 
inflow. The Kiel Bight is a transitional region between the Kattegat and the Baltic. 
MATERIAL AND METHODS 
The samples were taken with the »epibenthic closing net» as this net has various advantages over 
others: 
1. It catches animals only when touching the sea bed. 
2. It can be closed before raising. 
3. The volume of filtered water can be determined. 
The net has a mesh aperture of 500 urn. It was towed for 30 min at a speed of 0.5 to 1.0 knots 
and fished the lowest 0.8 m of the water column. The lowest point of the ring-shaped net aperture 
touched the bottom, while the upper point was positioned 0.8 m above the bottom. Some sediment 
was always collected while fishing. The water filtered by the net was measured by means of a flow-
meter attached to the side of the net aperture, filtration efficiency being assumed to be 100 %. The 
samples were preserved in formalin, washed and sorted in the laboratory. Large samples were sub-
sampled with the whirling vessel (cf. Kott 1952). Animals belonging to smaller groups were always 
extracted from the whole sample. In all the counts the numbers of animals per 100 m3 of filtered 
water were calculated. The seasonal variations were studied by computing the monthly means of 
the stations, the individual values being transformed to logarithms. 
Organisms of the benthds and the plankton were found in the samples. The following systematic 
groups were investigated: Cumacea, Mysidacea, Isopoda, Amphipoda, Crangonidae, Copepoda, 
decapod larvae, Poiychaeta, Chaetognatha and fish larvae. The samples were taken once every month 
from May 1970 to March 1971 at eight stations in the Kiel Bight (Fig. 1) with water depths varying 
from 8 to 25 m. Stations 2 and 8 were situated above the thermocline in summer, stations 3 and 5 
in deep channels near the Great Belt, stations 6 and 7 in medium depths of about 17 m in the middle 
of the bight. Stations 1 and 4 were isolated stations often with stagnant waters. A quarter of the 
samples were taken at night, two at twilight and the rest in the daytime. Most of the stations were 
located on fishing grounds with clean bottoms without stones or rocks. The substratum in the deeper 
stations was mud, sandy mud or muddy sand while the shallow stations had a sandy bottom (cf. 
Kwhlmorgen-Hille 1965). Parallel to each sample, the temperature and salinity of the water near the 
bottom was measured with a portable salinity-temperature-bridge developed by the National Institute 
of Oceanography. 
Fig. 1. »Epibenthic closing net» stations in the 
Kiel Bight. 
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RESULTS 
Hydrography. The temperature curves show very small differences between the 
stations during the year. The temperature varied from 2 to about 13 °C at stations 
deeper than 15 m and from 2 to 16 °C at the shallow stations. The latter warmed up 
more rapidly than the deep stations and show maximum temperatures in August, 
while the former have their highest temperatures in September. The salinity varied 
from 14 to 27 °/oo during the investigation. The shallow stations mostly had water 
of a salinity of less than 1S 0 /00, while the deeper stations nearly always had more 
than 18 °/oo. The water in the hiel Bight is often stratified. The water of high salinity 
spreads out near the bottom, especially along the deeper channels which are connected 
with the Great Belt, while the Baltic water with low salinity lies above the halocline. 
During the summer this stratification is stabilized by a thermocline. The thickness 
of the lower layer decreases with distance from the Great Belt. Sometimes the near-
bottom water masses are renewed by an inflow of water through the Great Belt. 
Such inflow conditions were found from July to September 1970 with some inter- 
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ruptions. During this time all the deep stations had their maximum salinity. From 
winter to spring salinity fell continuously at all the stations, with the exception of 
the stations near the Great Belt (stat. 3, 5, 6), which had a small maximum in January. 
Seasonal variations. The variations of the mean monthly values of the sta-
tions were investigated for the total individuals of the hyperbenthos and for its 
planktonic and benthic components. This investigation is intended as a general 
review of the hyperbenthos and its animal groups in the Kiel Bight; the influence 
of the different sediments, the local hydrography and depths remain to be studied. 
Only the importance of the different systematic groups for the hyperbenthos in the 
Kiel Bight is shown; some of these groups were represented by only one genus 
or species. 
1. Total number of individuals. The curve of the total hyperbenthos (Fig. 2) 
shows a strong maximum during spring (February to May) and a smaller one in 
September. The lowest numbers were found in December but even then numerous 
organisms were present. From December to March the hyperbenthos showed an 
exponential growth leading directly from the minimum to a very high density. 
27 1991:3-94 
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TABLE 1. Mean monthly values (E) and standard deviations (s) for the 8 stations of the total 
numbers of individuals in the hyperbenthos, the component benthos and plankton 
and all the systematic groups. 
Month 	 I 	I 	V 	VI 	I 	VII 	I 	V[II I 	I\ 	I 	X 	I 	XI 	I 	XII 	I 	I 	I 	II 	I 	III 
Total hyperbenthos 	... ~ 3.90  3.30 3.32 3.06 1 	3.36 	3.13 3.14 2.58 2.77 ' 	3.09 ' 	3.71 
s .76 .69 .49 .61 .32 	.46 .47 .24 .63 .74' 	.64 
Plankton 	............. ä 3.20 2.71 2.77 2.89 3.31 	3.00 2.51 2.13 2.32 2.62. 	3.29 
s .74 .59 .40 .76 .29 	.47 .32 .44 .99 .88 	.40 
- 3.58 2.97 3.00 2.38 2.20 	2.53 2.85 2.35 2.38 2.84' 	3.40 Benrhos 	
............ s .88 .90 .74 .35 .60 	.48 .69 .30 .46 .63 	.85 
Copepoda 	............ 3.19 2.75 2.49 2.08 , 	3.032.75 1.43 1.17 1.30 1.63 	3.10 
s 3.49 2.50 1.27 
.45 
.99 	1.18 
.26 
1.37 
.69 56 46 	.49 
Cumacea 	............. X 2.55 .95 1.14 2.64 	3.21 
s .94 ' 1.35 .88 .65 1.21 	.74 1.01 .75 .67 .75 	1.08 
Mysidacca 	............ - .53 1.61 1.57 1.66 1.401 	1.51 
 
1.24 11.91 1.86 1.67 1.34 
s .51 .68 .61  .39 .74 	1.13 .93 .72 .64 , 	.65 	.36 
Isopoda .45 .24 .08 .43 .13 	.17 
i 
.61 .48 .47 .41 	.31 
s .66 .26 .14 .53 .19 I 	.26 .41 .45 .55 .52 	.45 
Amphipoda without H.g. 3 1.31 1.46 1.11 .93 .65 	1.21 .98 .80 .96 .80 	1.18 
s .90 
- 
.78 
- 
.46 
.51 
.60 
.27 
.63 
1.17 
.37 .43  - .40 - .76,, 	.89 - - 
Hypexia galba 	......... Y 
s - .50 .72.32 
- 
.36 
Crangonidae ~ .63 .57 .31 .94  .72 1.b7 1.07 1.28 - 1.05 	.74 
s .43 .44 .36 .26 
	
.73 	.76 
2.03 	.93 
.42 .46 .73 .65 	.67 
Decapoda larvae ...... ~ 	X .45 1.13 1.36 1.35 I .39 - - - - 
s 44 1.17 1.36 .55 .46 	.62 .32 - - - - 
Polychaeta 	............ 7 2.85 2.26 2.56 1.96 i 	.88 	1.54 1.77 1.71 1.75 2.17 	2.30 
s 1.11 .70 .76 .59 .82 	.60 1.00 .60 .80 .79 	1.00 
Chaetognatha 	......... å .87 1.50 1.91 2.80 2.80 	2.40 2.45 1.98 2.08 , 	2.48 	2.30 
s .75 1.18 .95' .96 .40 	.71 .37 .48 1.26 .99 	.67 
Fish larvae 	............ -; .20 .50 .29 .42 .46 	.38 .21 .25 .22 .40 	.28 
s .31 .51 .49 .40 I 	.30 , 	.59 .17 .21 .20 .37 	.27 
The numbers recorded in May 1970 at the beginning of the investigation were still 
higher. This indicates that the numbers continued to increase in April and May 
1971 after the completion of the investigation. 
2. The plankton. The plankton in the hyperbenthos samples (Figs. 2, 3) consisted 
of Copepoda, Chaetognatha, decapod larvae, Hyperia galba (Amphipoda) and fish 
larvae. These five groups show maximum numbers in spring (March) and in autumn 
(September). The lowest numbers of plankton were found in December coinciding 
with the minimum of the total numbers of individuals. Chaetognatha were represented 
only by the genus Sagitta. The Copepoda and Chaetognatha always dominated, both 
having a maximum in spring and autumn, and minimum numbers in December, 
when all the groups of the hyperbenthos were less numerous. These two groups 
were mainly responsible for the great variations in plankton density. The other groups 
were not very important because they formed only a small proportion of the hyper-
benthos or occurred only during some part of the year. Decapod larvae were found 
only from May to November, with a maximum in September (cf. Kändler 1952). 
The amphipod Hyperia galba occurred only from August to October. These two 
groups possibly had a maximum in September owing to the inflow of water in late 
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summer. The fish larvae — the only vertebrates in the hyperbenthos — were present 
during the whole year in low numbers. 
3. The benthos. All the groups with some connection with the substratum were 
assigned to the benthos, including some animals of the phytal. Thus Cumacea, 
Mysidacea, Amphipoda (without Hyperiagalba), Isopoda, Crangonidae and Polychaeta 
were assigned to the benthos, which showed a maximum in March and November 
and a minimum in September. The most important benthos groups in the »epibenthic 
closing net» catches were the Cumacea and the Polychaeta (Fig. 4), both being 
extremely numerous in spring (February to May). Cumacea were represented only 
by Diastylis rathkei and the Polychaeta only by the genus Harnnothoe. The Mysidacea 
showed large numbers in October and November but were never as abundant as 
the two previous groups. Cumacea and Polychaeta were responsible for the great 
seasonal variations in the benthos; Mysidacea only caused the smaller maximum in 
November (Fig. 4). Crangonidae (only ('rangon crangon), Amphipoda and Isopoda 
(Fig. 5) were less important, they were found in the hyperbenthos throughout the 
year but did not show significant variations (cf. standard deviations Table 1) and 
played no part in the great variations of the total benthos. 
DISCUSSION 
Comparison between the benthos and plankton. A comparison of the benthos 
and plankton (Fig. 2) shows that their proportions in the hyperbenthos caught in 
the » epibenthic closing net» were nearly the same. A clear difference could be seen 
only from August to October, when the plankton predominated over the benthos. 
In September the benthos showed a minimum and reduced the total maximum caused 
by the plankton. The very high numbers of plankton in September were due to an 
autumn bloom and also to an inflow of water, which evidently did not influence the 
benthos. According to Kändler (1952, 1961), high numbers of Hyperia ,alba and 
decapod larvae are good indicators of water inflow. 
The most important groups in the hyperbenthos. The benthos and plankton 
are each characterized by two very important groups, which account for their great 
seasonal variations. These four groups were also responsible for the mean variations 
of the total hyperbenthos. Three of them were represented by only one genus or 
species; only the Copepoda consisted of different genera. Thus the hyperbenthos was 
mainly influenced by the Copepoda, Diastylis rathkei, Sagitta sp. and Harnzothoe sp. 
Mysidacea had a clear influence on the benthos curve only in November but almost 
no influence on the total hyperbenthos curve. All the other groups were too small 
to have any great influence on the density and variations of the hyperbenthos 
throughout the year. But nevertheless they formed an essential part of the hyper-
benthos. 
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CONCLUSIONS 
During the whole year abundant animals were found near the bottom. Hesthagen 
(1973) showed that these animals inhabit this water layer at all times of the day. 
Hesthagen studied the diurnal migration of the hyperbenthos in the Kiel Bight near 
to station 3 (Fig. 1). Therefore it can be said that the hyperbenthal is always occupied 
by numerous organisms. The largest numbers of animals were found from February 
to May, when the hyperbenthos showed an exponential growth leading from the 
minimum in December to the maximum. Only four groups were responsible for the 
great seasonal variations. Two of these groups were represented by one genus and 
one by one species only: Copepoda, Diastylis rathkei, Harmothoe sp. and Sagitta sp. 
are the most important animals in the Kiel Bight. Mysidacea appear in remarkable 
numbers in November. The benthos and the plankton occurred in the hyperbenthos 
in the same amounts, the plankton predominating only in September. Variations in 
salinity caused by water inflow through the Great Belt influenced only the numbers 
of the plankton in the hyperbenthal. As organisms are always present in the hyper-
benthal, all the benthos and plankton densities determined- with bottom grabs or 
plankton nets must be underestimated, since not all this gear fishes the near-bottom 
region effectively. Though a direct comparison between the »epibenthic closing net» 
and other sampling gear designed especially for the benthos is not possible, the results 
show the importance of the hyperbenthal for secondary production. The hyper-
benthal as part of the feeding ground of many demersal fishes is a constant source of 
energy contributed partly by the plankton and partly by the benthos. 
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LONG TERM CONTINUOUS RESPIRATION 
MEASUREMENTS AS A PRECONDITION FOR THE 
ASSESSMENT OF SECONDARY PRODUCTION 
Jörg-Andreas von Oertzen 
Department for Marine and Fishery Biology, Biological Section, 
University of Rostock, GDR 
Respiration, an important component of energy budgets, was studied in Nereis 
diverticolor, Gammana oceanicus, Mytilus edtlis, Cardiom lamaicki and Mya arenaria 
and a comparison was made of the values obtained by a short-term measuring 
technique (oxygen electrode, closed-flow system) and a newly developed long-
term measuring technique (electrolytic constant-pressure manometer). The 
duration of the continuous measurements was c. 3 hr in the former and c. 
24 hr in the latter case. 
The O, consumption shown by the short-term measurements was greater 
than that obtained by the long-term measurements for all the species. The 
initial values obtained during the long-term measurements were also clearly 
higher than the long-term mean value. Possible causes for these discrepancies 
are discussed. The irregularity of the respiration curves for the bivalves is 
related to the marked capacity for anaerobic respiration (resistance to 09 
deficiency) of these animals. The mean values obtained by the two methods 
are shown in calories and compared. 
A measurement period of 18-20 hr with one transition from light to 
darkness is recommended as the ecological and economic optimum for obtaining 
representative respiration values for use in drawing up well-founded energy 
budgets. 
»Knonvledge of the respiratory rates of animals 
and the a qy they vary is basic to a complete 
analysis of production ...» 
IBP Handbook No. 17 
The summand R plays an important role in the well-known equation (taken from 
Petrusewicz & MacFadyen 1967, Ricker 1968) 
C=P+R+F 
where C = energy intake (ingestion), P = energy as production (growth, repro-
duction), R = energy expenditure of metabolism, F = energy lost as faeces and 
soluble organic matter (egestion, excretion). 
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As far as is known at present, the energy expenditure of metabolism (B) accounts 
for between 5 and 60 % of the energy intake in aquatic animals (planktonic Crus-
tacea — carnivorous fish) according to Winberg 1956, Richmann 1958, Conover 
1962, Welch 1968). Even if a mean value of only about 30 % is assumed for R in 
the case of such animals, in accordance with 
Paine 1956 (Navanax enermis 	— R = c. 32 %) 
Pfaffenhöfer 1968 (Claim ivulticornis — R = c. 32 %) 
Hughes 1971 (Fissure/la barbadensis — R = c. 25 %) 
Trevallion 1971 (Tellina femis 	— IR = c. 30 %) 
it is obvious that great importance attaches to the accurate and ecologically valid 
determination of this part of the equation. 
Since the respiration of a population is affected by numerous internal and ex-
ternal factors, the most important of which are listed below, special demands must 
be met by ecological measuring methods. The following factors may affect the res-
piration of marine animals to a greater or lesser degree: 
»physiological» factors: body size, stage of development, activity, adaptability, 
sex, 
ecological factors: temperature, oxygen, salinity, light, pressure, substrate, 
current, food, population density, adaptation conditions. 
The »physiological» factors can be controlled mainly by carefully selecting the 
specimens for experiments. In order to neutralize the influence of the ecological 
factors in the respiration and to minimize the »in vitro disturbances», which can 
never be fully eliminated during laboratory experiments, measurements should be 
performed under conditions which approach those of the natural biotope as nearly 
as possible. 
Measurements of the oxygen consumption obtained by two techniques which 
fulfil the above requirements relatively satisfactorily were compared and investi-
gated with respect to their ecological and production biological validity. We also 
tried to discover the ecologically and economically optimum measurement period 
for determining the respiration rate. Similar comparisons of methods have been 
performed by `inberg et al. (1963) and Kamler (1969, 1970) in the case of fresh-
water animals. 
MATERIAL AND METHODS 
The following species were investigated: 
Mytillus cdulis Linné 	 Nereis diversicolor O. F. Muller 
Mya arenaria Linné Gammarus oceanicus Segesträle 
Cardium lamarcki Reeve 
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The animals for both series of esperimcnts were taken from the littoral zone in the Bay 
of Wismar during the spring and were subsequently reared under controlled, constant conditions. 
During acclimatization the salinity was 15 °/ oo and the temperature 10 °C. Rearing took place 
in the dark and lasted for 15-20 days. 
Individuals of the same size and, as far as could be determined, the same sex were selected for 
the parallel experiments. In the first of the measuring techniques the apparatus used was that de-
scribed by V. Oertzen and Motzfeld (1969), working on the electrochemical principle (Clark elec-
trode with a membrane cover) in a closed-flow system. The commercial measuring amplifier used 
was not designed for continuous operation exceeding 4-6 hr and it appeared impracticable to 
increase the duration of the experiment owing to the possible reduction in the partial pressure of 
the oxygen. Consequently, this equipment could only be used for relatively short-term measurements 
(3 hr on average). 
Short-term respiration values for Gammaru oceanicus were obtained by a different technique, 
using the Warburg method (see v. Oertzen 1965 and 1973). 
A newly developed automatic respirometer working on the constant-pressure manometer 
principle was used for the second series of measurements. This apparatus, which was designed 
specifically for long-term experiments, ensures that the partial pressure of the oxygen remains con-
stant by means of the electrolytic production of O_, which is controlled by the organism itself. 
A further important advantage of this technique is that the animals can be acclimatized over 
long periods under conditions approaching those of their natural biotope (on appropriate substrates 
in the case of bottom forms) in mini-aquariums, which can then be inserted into the apparatus with 
practically no disturbance of the animals. The respiration rate of the biotope water and substrate 
is taken into consideration, being determined by means of a blank run. 
The scope of this paper permits no further description of technical details and the working of 
this equipment. Appropriate details will be published in the near future. 
RESULTS AND DISCUSSION 
The results of the long- and short-term respiration measurements for the various 
species are shown in Figs. 1-4. The long-term measurements were continuously 
recorded by a multichannel pen recorder, the read-out being in discrete form, for 
reasons of clarity (each point corresponds to the mean value for 4 hr or, in Figs. 
2, 3 and 4, for 3 hr). The relationship between the metabolism and the body size 
is taken into account by converting the oxygen consumption to 1l O., h-r g-1 dry wt. 
N 	ålv , ,c°,, 
~dl, —911 7o-soma 
A PL. I-0--10°C AQa G~'satin-IS %oo 
,rME IN HO'.:ES 
Fig. 1. Oxygen consumption of Nereis diversi-
color registered by short (A)- and long (B)-
term measurements (— — — mean value for 
24 hr; 	mean value for 18 hr; the vertical 
bars show the standard error). 
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Gammr.us occanrcus 
dry weign! IS-25mg  
EGC :<- 
503  
DJ 	 ACa01: Temp-IO°C AdC L- ;clan- 
-. o.r. ;. p-aC Eper.-kln- IS°/ 
zz 	I 	e 	~ 	m 	Ie 
!.•E IN HOURS 
Fig. 2. Oxygen consumption of 
Gammarns oceanicus registered 
by short(A)- and lony(B)- term 
measurements. See Fig. 1 for 
symbols. 
We shall first consider the results for Nereis diversicolor and Gammarus oceonici s. 
The curve A in Fig. 1 shows the mean value with the standard error for the O, 
consumption of eight individuals obtained from short-term measurements (3 hr). 
The curve B shows the O. consumption of two individuals for a period of 24 hr, 
with mean values at 18 and 24 hr. To improve the illustrative value of the figure, 
only a few representative results for single individuals have been included (6—S 
individuals were investigated for each species). The O, consumption of N. dry' rSi-
color is clearly higher and has a larger standard error during the short-term test. 
The long-term measurement is characterized by a relatively high initial rate of res-
piration, which slowly approaches a mean value of 120 ,sl O, h-1 after about 8 hr. 
These results will be discussed later together with the others. 
The respiration values of Gamnlarzs oceanivers (Fig. 2) show similar behaviour. 
The short-term measurements produce considerably higher values in this case too 
and the standard error is very large. However, it should be remembered that, un-
like the others, these values were determined by the Warburg method. After about 
18 hr the O_ consumption shows a slowly decreasing trend. The bivalves will be 
discussed together (Figs. 3 and 4) although in view of their way of life direct com-
parison is only possible with reservations (see von Oertzen 1970). It is interesting 
to observe that the mean values obtained for the O. consumption during the short-
term tests are higher than those for the long-term tests in this case too. Great fluc-
tuations may be noted in the curves for all three species over 24 hours and a ten-
dency may also be seen for the initial values to be higher. It is generally known 
that numerous marine inhabitants of the benthal, and the bivalves in particular, 
can have pronounced periodic and non-periodic metabolic rhythms (Rotthauwe 1952, 
Salanki 1966, Winter 1969). 
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Myi1us edul1. 
try weignt 100 -160 my 	 A 
N _ 
B 
I7 	'0 	23 	 2 	 5 	 8 	 .I 	1! 
T!r.IEHOURS 
Cardrum Lamarcki 
arv wcignt 80-.20 mg 
A 
B 
0 	 JI 	 JG 	 fi 	9 
Fig. 3. Oxygen consumption of Mytilus edorlis and Gardduu !axarc!Ui 
registered by short(A)- and long(B)-term measurements. Sca Fig. 1 
for symbols. 
In contrast to the majority of the other marine animal groups (except a few 
Protozoa and \Tematoda), numerous bivalves are able completely to reduce their 
aerobic metabolism, a complete interruption occurring in their respiration and, in 
some cases, in the heart frequency (Collip 1921, Berkeley 1921, Brand 1946, Rott-
hauwe 1952). 
The transition from normal oxybiontic to anoxybiontic respiration can take 
place without apparent motivation, i.e. without any clear connection with the en-
vironmental parameters, and thus produces such irregular curves (see also Rott-
hauwe 1952). The maintenance energy requirement, which is reduced to a minimum 
28 19913-74 
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Mya drendr,a 
dry wclgni 60-90 rug 
	
Aaop:.letup -lo°C Adopl -saln-IS°/oo 	 Go mmorus ocean,cus 	!dopy- a. expec-1?m;..10'C 
Exiler.-,etua-r0°C Exiler. rot rr_IS°/°o GdopI- a. ex Der-salin-I; Y— 
Nereig diversicolor 
Cordwm ormar ,~ 
Mya arc nrrrla 
_ 	 Tco zco ~ ~ ccå .,, cco oc~ sca 
rlrE Lu HOrRS 	 EXPOSURE TIME IN HOURS-L1 SO 
Fig. 4. Oxygen consumption of Mya grenaria 	Fig. 5. Resistance of five marine bottom inver- 
measurements. See Fig. 1 for symbols. tebratcs to oxygen deficiency. 
in such cases, is satisfied by anaerobic metabolic processes (probably glycolysis) 
(Berkeley 1921, Collip 1921, v. Oertzen unpublished). This possible energy loss, 
which is not covered by respiration rate measurements, must also be considered 
when drawing up the energy balance for bivalves. 
The resistance to O_ deficiency is a good index of a capacity for anaerobic res-
piration (Theede et al. 1969, von Oertzen & Schlungbaum 1972). Figure 5 shows 
the different resistances to Or> deficiency in the species investigated here. It can be 
seen that in addition to the bivalves with high L t 50-values, Nereis is also able to 
live for long periods without oxygen, although other physiological mechanisms 
(CO, storage function of the blood pigment) are used in the Polychaeta and a reduc-
tion of the aerobic metabolism probably takes place only under unfavourable con-
ditions (see also the regular curve in Fig. 1, and van Dam 1938, Lindroth 1943). 
The following conclusions may be drawn from the results: 
the respiration values obtained from short-term measurements are always higher 
than those obtained from long-term measurements, 
— even when long periods are allowed for acclimatization, the initial values during 
long-term measurements are usually considerably higher than the mean values, 
— a slight reduction in the respiration rate is to be observed during the final hours 
of the measurements in some cases. 
Comparison of the values obtained from short-term measurements with the 
initial values from the long-term measurements shows a certain degree of corres-
pondence in the majority of the species. This is probably caused by the fact that the 
active level of metabolism is measured during the initial phases. 
The stress effect of light (the animals are reared in the dark) is suspected to be 
the cause of the increased activity at the beginning of long-term measurements. 
To this must be added the possible influence of currents in the case of short-term 
measurements. 
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The reduction in the O, consumption towards the end of the measurement 
(only observed in Mytilus and Gammarus oceanicus, both species without sufficient 
food, water taken from the biotope) can possibly be attributed to lack of food (basal 
metabolism), although contradictory opinions are expressed in the literature (Berg 
et al. 1962, Bulnheim 1972). 
Particulars of the respiratory rhythm and the differentiation of the metabolism 
into active, routine and basal metabolism will be provided by further investigations, 
which are still taking place. 
The available results show that measurement restricted to only one of the three 
metabolic levels, as is usually the case with short-term measurements, is not enough 
to provide representative data on the actual energy expenditure of the organisms 
(during different seasons and stages of life). 
TABLE 1. Comparison of the mean respiratory energy expenditure (in calories) of five marine 
bottom invertebrates measured by two different methods. 
Mean respirerory energy espendhure 
(cal day—' g-- dry weighs) 
species 
short rerre 	long term 
	
measurement measurement 
Nereis diversicolor ...................................... I 	21.0 	 14.9 
Gammarus oceanicus .................................... 78.6 61.0 
Mvtilus cdulis ...........................................41.4 	 17.0 
Cardium ]amarcki ........................................32.7 29.3 
Mya arenaria ............................................37.4 	 31.0 
The calculation of a realistic integrated value for all three metabolic levels is 
a necessary condition for drawing up ecologically well-founded energy budgets and 
characterizing the normal functioning of a population in its ecosystem. Table 1 
shows the extent to which the values obtained by a method which is relatively un-
suitable for this purpose deviate from the »normal» values. For the sake of clarity, 
the respiration values in this table have been transformed into calories, the unit 
generally used in energy models, RQ = 1 being used as a basis (a RQ of 1 = 1 000 
<<1 0, corresponds to an energy expenditure of 4.85 cal. according to Brody 1946). 
For marine benthic organisms, a measurement period of 18-20 hr, with one 
change from light to darkness, is to be recommended as economically and ecologi-
cally optimal for registering representative respiration values, as is shown by com-
parison of the mean values in Figs. 1-4. A similar conclusion was reached by Winter 
(1969), who was not able to obtain comparable mean values for the filtration rates 
of various bivalves within a period of less than 24 hr. 
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THE DISTRIBUTION AND SIZE OF MESIDOTEA ENTOMON 
(CRUSTACEA, ISOPODA) IN THE NORTHERN BALTIC 
AREA WITH REFERENCE TO ITS ROLE IN THE DIET 
OF COD 
Ilpo Haahtela 
Department of Zoology, University of Turku, SF-20500 Turku 50, Finland 
Tvärminne Zoological Station, University of Helsinki, SF-10850 Tvärminne, Finland 
Data are given on the distribution and size of Mesidolea enlomon (L.) in the 
northern Baltic area. These are based on c. 35 000 specimens, sampled mainly in 
the open sea with baited nets or dredges. The size of 24. enlomon was calculated 
as the mean body length of mature specimens. The species was largest (males > 
70 mm and females 45-55 mm) and most abundant in the deep central parts of 
the Bothnian Sea. In the Aland Sea and in the whole central part of the Gulf of 
Finland it enas abundant but somewhat smaller. In the Archipelago Sea, in 
coastal areas of the Gulf of Finland and of the Bothnian Sea the abundance of 
M. entooion varied from sparse to abundant (size usually 50-60/35-45 mm). 
In the Bothnian Bay M. entorson was very small, except in the deep central 
areas, occurring only sparsely, at least in the open sea areas. Together with 
herring and sprat, M. en/scion has an important role in the diet of the Baltic 
cod. Cod grow rapidly in the Bothnian Sea and are recruited by immigration 
from the south. There may be reason to consider stocking this area with cod. 
Mesidotea efto7vof (L.) is known to occur in the whole northern Baltic area, the 
largest specimens having been reported from the south of the area. Its density and 
biomass are usually rather low. The biology of the species is treated in an earlier 
article (Haahtela 1962), which gives references to the literature published up to 
1962. Sellerberg (1961) and Bagge and Ilus (1973) have published extensive quan-
titative information on M. ento;von in the present study area and Bagge and Salo 
(1967) have reviewed the literature. 
The role of M. entosmon in the diet of cod has not been studied in the northern 
Baltic, although examined in the south of that sea, e.g. by Reimann (1955), Demen-
tjeva and Tokareva (1958), Chrzan (1962), Strzyzewska (1962) and Uzars (1969, 
1972). 
Data on the distribution, abundance and size of M. enlomon will be given in this 
paper, together with a brief survey of the literature on the role of Mesidotea in the 
diet of cod. 
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Fig. 1. Bathymetric chart of the study area showing the Mesidotea stations. ® = stations sampled on 
R/V Aranda in 1961-1967. ® = fixed coastal stations sampled in 1960-1972. 0 = samples from 
the collections of the Zoological Museum of the University of Helsinki, originating from 1892-1933. 
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MATERIAL AND METHODS 
Most of the specimens of Mo-ide/ca were collected on R/V Aranda and M/V Tursas in 1961-1967 
at 131 stations, from depths of 6 to 235 m (Fig. 1). The material comprises about 35 000 specimens, 
weighing nearly 83 kg. They were mainly taken with open nets, baited with Baltic herring or sprat, 
or with a dredge with a 34 >C 54 cm opening (cf. Haahtela 1969). The Mesidolea stations had to be 
located in accordance with the main study program of R/V Aranda. 
In addition, net data from six coastal stations, sampled in 1960-1972, and representative samples 
from the collections of the Zoological Museum of the University of Helsinki, originating from 1892-
1933, are included. Some of the latter are from areas, where sampling could probably no longer be 
performed. 
The sampling method is selective in favour of large specimens. Therefore the size of M. eutornon 
is given as the mean body length (measured from the distal margin of the peduncle of the antennulae 
to the tip of the pleotelson) of mature specimens, being calculated separately for males and females. 
The fresh weight was estimated roughly for length groups with ranges of five to ten mm (Fig. 4), 
sometimes also for individuals, but mostly for total samples. Field scales or laboratory balances 
were used. 
DISTRIBUTION AND SIZE OF MESIDOTEA ENTOMON 
The study area can be divided into five subareas on the basis of the occurrence 
of M. entonlan (Figs. 2-3). 
1. The deep central basin of the Bothnian Sea. M. entornon was abundant and 
very large. At depths greater than 100 m, the mean body length of mature males 
was > 75 mm at several stations, and that of mature females > 50 mm. At depths 
of 50-100 m, it was usually 60-70/40-50 mm. The largest male measured was 
88 mm long, its fresh weight being 10 g; the largest female was 68 mm long and 
weighed 5 g. The species was especially abundant in ooze bottoms with large iron-
manganese concretions (cf. Winterhalter 1966). The deep central area of the Bothnian 
Bay could probably be included in this subarea: very large M. entomon were found 
there (maximum body length a 87 mm, 9 65 mm), although not abundantly. 
2. The Åland Sea and the whole central part of the Gulf of Finland. Rich oc-
currence of large (60-70/40-50 mm) M. entomon. In the eastern part of the subarea 
the mean body length of mature males was > 70 mm, that of mature females 45-
50 mm, but the largest specimens (a 81 mm, 0 61 mm) were smaller than in the 
Bothnian Sea. Here, too, M. entoreron was abundant on ooze bottoms with iron-
manganese concretions, either crusts or nodules. 
3. The Archipelago Sea, Finnish coast of the Gulf of Finland and the Bothnian 
Sea. Abundant to sparse occurrence of M. entomm, measuring 50-60/35-45 mm. 
In the Archipelago Sea the largest male recorded was 71 rum long and the largest 
female 56 mm; in the Gulf of Finland the corresponding values were 78 mm and 
54 mm. Ooze bottoms and areas deeper than 10 m were favoured. 
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4. The Bothnian Bay. Sampling, mainly with dredges, was less intensive here 
than in subareas I and 3. Sparse occurrence of < 50/25-35 mm long M. entomon. 
In the shallow northernmost parts of the subarea the species may be locally abundant. 
The largest male was 57 mm long, the largest female 51 mm. Sand or stony bottoms 
dominate in this subarea, and M. en/omon is also found under stones or between 
boulders, occasionally even at depths less than 1 m. The SW part of the Bothnian 
Sea could be included in this subarea, since small specimens have been reported 
to occur sparsely there (Sellerberg 1961). 
5. The entrance of the Gulf of Finland and SE part of the Bothnian Sea. M. 
entomon is lacking or occurs sparsely or casually, apparently depending on the hydro-
graphic conditions in the Gulf, and on these and the composition of the bottom 
in the Bothnian Sea. 
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The general trend seems to be that the largest specimens of M. entollrDW \ -ere 
recorded in the deepest localities studied and in areas where the temperature re-
mains very low (cf. Palosuo 1964) or which are generally favourable to life (cf. An-
dersson 1938). The species was usually also abundant in these areas. It may be noted 
that a correlation exists between the occurrence of the species and the abundance of 
Pontoporeia, the main food item of M. entonmon (Segerstråle 1962, Bagge & Salo 
1967). 
(Detailed tables of the results are available from the author.) 
THE ROLE OF MESIDOTEA ENTOMON IN THE DIET OF COD 
According to Uzars (1969), Mysis, Pontoporeia and polychaetes dominate in the 
diet of small cod (5-20 cm) in the Baltic. The role of these food items decreases 
in the diet of medium cod (20-40 cm), where Mesidotea composes 14-25 % and 
fish (herring and sprat) 20-37 %, and in that of large cod (40-70 cm), where the 
proportions of Mesidotea and fish are 19-43 % and 17-77 %, respectively. Uzars 
(1972) also noted seasonal variation in the diet: Mesidotea dominating in the autumn 
and sprat in the spring. Herring is always an important component. An increase 
in the consumption of polychaetes and other food cannot compensate for a de-
ficiency of fish in the diet (Uzars 1969). Strzy~ewska (1962) has also shown that 
from the second year of life small invertebrates are mainly replaced by clupeid fish 
and large individuals of M. entomon in the diet of the cod. From the third year on- 
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Fig. 4. The length/weight ratio of Mesidolea 
entomon according to data of 774 specimens 
from the northern Bothnian Sea. The curve is 
the same for each sex. 
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wards, Mesidotea forms up to 23 % of the food and the Clupeidae may exceed 70 %. 
It has, however, been suggested that the importance of Mesidotea in the diet of cod 
has been overstimated. 
The growth of cod is rapid, nearly 10 cm in a year. Cod and herring grow es-
pecially fast in the Bothnian Sea (Andersson 1938, Sjöblom 1958). The stock of 
cod in the Bothnian Sea is recruited from the south; cod up to 25-30 cm in length 
have been observed migrating northwards (Otterlind 1967). 
Conditions are favourable for cod in the northern Baltic, especially in the Both-
nian Sea. Plenty of large-sized clupeid fish and Mesidotea are available to maintain 
a stock of fast growing cod. I have understood that there are plans for practising 
aquaculture in the near future in many new sea areas, once effective techniques 
have been developed. It might be worthwhile to try stocking the Bothnian Sea 
with cod, if it could be saved from serious pollution and fishing pressure could be 
diverted from one species to another. 
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FISH PRODUCTION IN THE HELSINKI SEA AREA 
R. Anttilal, H. Lehtonen5 and Y. Valtia3  
'Kala- ja Vesitutkimus Oy, SF-00100 Helsinki 10, Finland 
"-Finnish Game and Fisheries Research Institute, Fisheries Division, SF-00530 Helsinki 53, Finland 
'Helsinki City Water Conservation Laboratory, SF-00250 Helsinki 25, Finland 
The estimation of the biomass and especially of the production of fish has 
proved to be rather a difficult task, none of the practicable methods being 
sufficiently reliable. Nevertheless, such quantitative data on fish stocks are 
of the utmost importance for fishery studies. 
The biomass and production of fish in the sea area adjacent to Helsinki 
have been studied. Samples were obtained with a young-fish trawl or seine 
and series of gill-nets. The fish production was calculated as far as possible by 
using the information available for the area on the primary production, phyto-
plankton and zooplankton, bottom fauna and stock of fish. 
The fish biomass estimated from the nearly quantitative young-fish seinings 
carried out in 1972 varied from 3 to 357 kg/hectare in different sectors of the 
study area. The biomasscs estimated from the results of test fishing with series 
of gill-nets in 1969-1971 were 73-354 kg/hectare. The estimates of fish 
production based on the amount of prey animals averaged 37.0 kg/hectare per 
year for scaly fish and 157.6 kg/hectare per year for Baltic herring and sprat. 
The fish production estimated from the biomasses evaluated from the results 
of test fishing with gill-nets was 36.1 kg/hectare per year for scaly fish and 
303.1 kg/hectare per year for Baltic herring and sprat. The fish catch in the 
sea area around Helsinki is approximately 25 % of these estimated fish 
production figures. 
In fishery studies it is important to have as thorough a knowledge as possible of 
the biomass and production of the fish stock e.g. when planning the utilization 
of fishing waters or measures for fish preservation. However, the estimation of the 
biomass and especially of the production has proved to be rather difficult. None of 
the methods used have been sufficiently reliable, apart from the poisoning and 
drying out of small waters and electric fishing in flowing waters, which are not 
applicable in larger areas. 
An attempt yvas made to study the biomasses and the production of the fish 
stock in the sea outside Helsinki. The material was obtained with seines and sets 
of gill-nets. The fish production was calculated from the information available for 
the area on the primary production, phytoplankton, zooplankton, bottom fauna 
and fish stock. 
BIOLOGICAL BACKGROUND PARAMETERS OF THE STUDY AREA 
PRIMARY PRODUCTION 
The primary production of phytoplankton in the sea outside Helsinki has been determined repeatedly 
by the '4C method since 1966, vertical series of measurements being performed in si/u. An increase 
in micro-organisms caused by the discharge of sewage is a characteristic feature of the sea water of 
Helsinki and may be very pronounced locally. The annual primary production of the inlets containing 
most micro-organisms is of the order of 1 000-2 000 kg C/ha, whereas in the least nutrient-rich 
waters it is only 150-300 kg C/ha. 
PHYTOPLANKTON 
The phytoplankton biomass appears to show regional zonation similar to that of the primary pro-
duction. The highest biomass values were recorded for inlets, where the mean values of the growing 
season (May—October) range between 30 and 90 mg/1. Outside inlets and in the open sea the values 
for the growing season were below 5 mg/l, which is generally considered characteristic of the brackish 
water in the Gulf of Finland (Melvasalo 1971). 
ZOOPLANKTON 
In the ice-free period of 1970 the mean of the zooplankton biomasses in different parts of the area 
was 1.7 mg/l. The averages of the monthly means of different stations for 1969-1971 varied between 
0.6 and 3.4 mg/I (Viljamaa 1972). 
BOTTOM FAUNA 
The average biomass value obtained for the macroscopic fauna of the profundal in the very eutrophic 
areas was 0-1 g/m2. Outside the inner bays the biomass values were 100-200 g/m'- (Luotamo 1971). 
The results of individual measurements of the faunal biomass were occasionally two to three times 
as great as the above averages. 
The biomass of the Phragrreiles fauna in Laajalahti in 1969 ranged between 12.03 and 184.13 g/m"-
(Viitanen 1971). These figures indicate that, whereas the bottom fauna of the highly contaminated 
Laajalahti inlet is scarce or even extinct, the biomass of the fauna of its reed zone is remarkably high. 
FISH FAUNA 
The stock of fish in the sea area off Helsinki is rich and varied considering the conditions in Finland. 
The species of fish met with in this area total 72, 52 of them belonging to the regular fish fauna of 
Finland, 15 occurring as casual visitors in this country, and four having been introduced into Finland 
(Anttila 1972a). All the brackish water species occurring regularly in Finland have been found 
within the area; the total number of species found in Finland is 88. 
The following species are abundant in the sea area off Helsinki: 
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Baltic herring (Clupea harengns) 
sprat (Clupea sprat/ur) 
smelt (Osmerus eperla uu) 
bream (Abramis bragta) 
bleak (Albiirneu alburnus) 
roach (Runlus ritblus) 
eel (Anguilla angailla) 
cod (Gama morbua) 
ruff (Acerin cecnua) 
rikepetch (Lucioperca 1utioperca) 
perch (Perca Jlrroiati!is) 
flounder (Platichtys flesus) 
white bream (Blicca bjoenCna) 
rudd (Scardinius erythropthahrru) 
three-spined stickleback (Gasterosteus aculea!its) 
ten-spined stickleback (PerHgitiu.r pungitius) 
fourhorned sculpin (Myoxocephaius gitadricQenLr) 
viviparous blenny (Zoarces vivi_parns) 
The following species are common in this area: 
whitefish (Coregenus lavaretur) 
salmon (Sahieo salar) 
sea trout (Sa1nco tro/ta) 
pike (Elox luciiis) 
carp (Carassius carassitu) 
tench (Tinca linea) 
burbot (Lola Iota) 
turbot (Pieria maxima) 
dace (Leuciscu/s leuciscus) 
ide (Luuti.ecu.r idut) 
minnow (Phoxinus phoxinus) 
russnase (Vimba vimba) 
(NutDpbsis ophidian) 
(Siphonostoma typhle) 
little goby (Pomaloschis/us minlur) 
Miller's thumb (Co//us gobio) 
Father laster (Myoxocephal s scopius) 
lumpsucken (Cyclopterzs iuhspns) 
greater sand-eel (Ammodyles land/Ola//is) 
BIOMASS OF THE FISH FAUNA 
Four different sampling methods were used for determining the biomass of the 
fish fauna: 
1. Halme and Hurme (1952) used a spined fish seine, c. 50 m long, the mesh 
of the bag was 5 mm and that of the high wing nets 6 mm and 15 mm. The hauling 
ropes measured 17 m, and the area confined by the seine was 4 acres. Fifty hauls 
were made with the seine, five being disregarded on account of the seine sticking 
to the bottom or for some similar reason. The investigation was carried out in the 
period 13. VI-6. VII. 1951, and therefore the material did not include the fry of 
the year, which passed easily through the seine. 
2. Halme and Hurme (1952) also employed a net crate measuring 3.5 X 7 m. 
The crate was placed on the bottom for 10-60 minutes in such a position that the sides 
of the crate also descended and came into contact with the bottom, and then hauled 
up swiftly from two moored boats. The bottom of the crate consisted of 9-mm 
mesh net and the sides of 24-mm net. The samples taken during the period 19. 
VIII-31. VIII. 1950 totalled 28. 
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3. Anttila (1972) employed a series of six nets (12, 17, 25, 35, 45, 60 mm). The 
same series had been used in experimental fishing performed in 24 pools, and the 
catches obtained had been compared with the real biomass values of the pools, 
which were determined by poisoning with rotenone. Netting was performed 1 421 
times, and it was estimated that in 24 hours the series of nets would catch an average 
of 5 % of the biomass in one hectare of the waters outside Helsinki. 
4. A spined fish seine was used with a 38-m head rope, a 44-m foot rope, a height 
of 2 m and 35-m hauling ropes. The mesh of the bag was 6 mm up to 10. VIII. 1972 
and 5 mm after that date. Both sides of the bag were made of 6-mm mesh net to a 
length of 3 m and of 8-mm net to a length of 6 m. The outermost 4 m of the sides 
were composed of 15-mm net. The foot rope was of chain and the head rope was held 
up by floats 40 cm apart. Forty-one hauls were made in the period 30. VI. 1. IX. 
1972. The average area confined by the seine was c. 4.5 ares. 
The mean biomass values obtained by the above methods are as follows: 
[ange of 
individual 
values 
	
kF; ha 	 kg/ha 
1) spined fish seine (Halme & Hurme 1952) 	38 17-75 
2) net crate 	 » 	 16 
3) series of nets (Anttila 1972a, estimate) 	212 	 88-354 
4) spined fish seine 1972 	 60 3-357 
FISH PRODUCTION 
The fish production of the sea area outside Helsinki was estimated on the basis 
of the edible fauna production and the biomass of the fish fauna. As figures were 
not available for the production of the fauna eaten by the fish, it was calculated 
from biomass values with the aid of experience obtained in other countries. 
However, data are available on the phytoplankton production (Pesonen 1971). 
The primary production can be assumed generally to have a positive correlation 
with the fish production, except in areas receiving large quantities of allochthonous 
substances. Nevertheless, the energy losses at the intermediate trophic levels are 
very high. According to Ivlev (1966) the relations between the primary production 
and the fish production are sufficiently complicated to prevent the calculation of 
the fish production directly from the primary production. Research carried out 
abroad indicates that the size of the fish catch is about 0.2-0.3 % of the primary 
production (e.a. Kajak & Rybak 1966, Kozikovska 1966, Winberg 1966). The degree 
of benefit derived from the phytoplankton production depends on its composition, 
e.g. zooplankton is totally incapable of utilizing blue-green algae (Cyanophyta), 
which compose 80-90 % of the total phytoplankton biomass in the most polluted 
water areas of Helsinki (Melvasalo 1971). 
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Nearly all the species of fish occurring in the waters of Helsinki use zooplankton 
for food, at least at the fry stage. The production of zooplankton was calculated 
from biomass values with the formula presented by Shushkina (1966). The results-
vary between 1940 and 9220 kg/ha per yr. Fish have been estimated to use about 
25-50 % of this amount, depending on their species composition and distribution 
into age classes, which makes 720-3 690 kg/ha per yr. 
Figures for the biomass of the bottom fauna have not yet been published, for 
which reason the estimation of its production was very difficult. In some of the pools 
in which rotenone was used the biomass of the bottom fauna was observed to vary 
between 3 and 17 ko,/ha and that of the fish between 5.2 and 82.6 kg/ha (Toivonen 
at al. 1964), the average ratio of bottom fauna to fish fauna being I : 3.6. 
According to Huet (1964), annual fish production is about half the biomass of 
the fish. This gives a figure for fish production that necessitates the assumption 
that the production of the bottom fauna in the above pools was about 18 times 
as great as the biomass. The biomass values of the bottom fauna in the sea outside 
Helsinki range between 0.1 and 18.7 kg/ha (Luotamo 1971), so that the production 
should be 1.8-337 kg/ha per yr. 
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Fig. 1. Fish production in the Helsinki sea area estimated from the abundance of the fauna used 
for food. 
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The production of predatory fish depends on the fish feeding on plankton and 
bottom fauna. The greater the proportion of predatory fish in the fish fauna of a 
region, the smaller the total fish production. The proportion of predatory fish in 
Helsinki has decreased particularly in the contaminated areas, where the main species 
are perch and pikeperch. In pure waters, however, salmon, sea trout, cod, burbot 
and pike are also of some importance. 
If fish production is calculated from the production of zooplankton, the size 
of the production is mainly determined by the depth of the water. Other important 
factors are the composition of the stock of fish and its distribution by age classes, 
these having a strong influence on the utilization of this food source. The production 
of fish feeding on plankton in the vicinity of Helsinki varies between 30 and 400 
kg/ha per yr. The production of fish eating bottom fauna is 0-30 kg/ha per yr, 
and that of predatory fish is 1-10 kg/ha per yr. Thus, the total fish production can 
be calculated as 32-420 kg/ha per yr. 
Estimates of biomass per se are not a sufficiently reliable basis for evaluating 
production, but they do give some idea of the magnitude of fish production. Besides 
the biomass values, knowledge of the following factors is required: the proportions 
of the various species, distribution by age classes within the species and the annual 
increase. The greatest growth of the biomass has been observed in areas of fry pro-
duction. The production in different parts of the sea outside Helsinki amounts to 
40-70 % of the biomass, i.e., according to the biomass values estimated by Anttila 
(1972a), 35-230 kg/ha per yr. 
If production is examined with reference to the density of micro-organisms 
in the water, it appears to be lowest in the most contaminated areas, owing to the 
small proportion of Baltic herring and sprat in the stock of fish. Their production 
is estimated at only about 3.5 kg/ha per yr, whereas the production of scaled fish 
within the same area is some 54 kg/ha per yr. in contrast, in less polluted waters 
and in the pure open sea, the production of Baltic herring and sprat is of the magni-
tude of 150-200 kg/ha per yr and that of scale fish 30-70 kg/ha per yr. The low 
fish production in the most contaminated inlets is evidently the result of at least 
the following facts: 
1. the number of fish species feeding on plankton is small, 
2. most of the seemingly large primary production (blue-green algae) is »wasted», 
3. the bottom fauna is almost extinct. 
The calculations based on the production of edible fauna give annual productions 
of 5 870 tons of Baltic herring and sprat, and 1 360 tons of scaled fish for the whole 
investigation area of 37 137 hectares. 
The annual catches of Baltic herring and sprat from this area nowadays total 
some 1 650 tons and the annual catches of scaled fish amount to some 350 tons 
(Niinimäki 1971 and Anttila 1972b). In other words, the total amount of fish caught 
in this area is about 28 % of the estimated production. 
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A PRODUCTION MODEL OF THE BALTIC SALMON 
POPULATION 
Per-Olov Larsson 
Swedish Salmon Research Institute, S-810 70 Alvkarleby 1, Sweden 
The average size of the Baltic salmon population has been estimated by the 
method used by Carlin (1962) for the years 1958-1967 on the basis of the 
results of the Swedish smolt taggings in those years. The proportion of re-
captures in different years and places of 723 380 released tagged smolts were 
used for estimating the percentages in the three dominant year-classes of 
salmon leaving the Baltic on spawning migration, being caught in the Baltic or 
remaining there. Very few post-smolt fish are caught during the first year in 
the sea but the mortality is high, 83 and 85.5 % if, respectively, 20 and 10 % 
natural mortality is assumed for the following years. Figures are shown for the 
population model obtained when a natural mortality rate of 10 % is assumed 
for the second and following years in the sea. 
The number of smolts entering the sea is around 5 500 000 per year and 
that figure is used for a rough calculation of the annual quantity of salmon 
leaving the Baltic (migration and fishery) and remaining there (alive and dead). 
If 10 % natural mortality is assumed, 1650 tons of salmon remain in the Baltic 
in April, when the spawning migrators have left. In one year the overall net 
gain in weight is 3 200 tons, of which 1 875 tons are caught in the Baltic, 
715 tons will migrate to spawn and 570 tons will die. 
In 1962, Dr. Carlin, former head of the Swedish Salmon Research Institute, 
made a first attempt to construct a model of the Baltic salmon (Salmo salar L.) pop-
ulation. It was based on the results of tagging experiments made in 1957. The 
tagging experiments performed since then have increased the number of recapture 
reports so much that I considered it useful to recalculate the figures in the model 
to bring it up to date and perhaps increase its reliability. The model was tested by com-
paring the input values for smolt production and mean weights for the different 
seasons with the actual catch statistics and it was thus possible to make a rough 
estimate of the annual net production of salmon in the Baltic. 
MATERIAL AND METHODS 
The results of the tagging experiments made in 1958-1967 were used as a basis. During these 
years 723 380 tagged smolts were released in the Baltic and 85 519 (11.8 %) of them were reported 
as recaptured. The percentages of these fish caught in different seasons and places are shown in Table 1. 
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TABLE 1. Numbers and percentages of fish recaptured in tagging experiments in 1958-1967. 
Number Percentage Remarks 
Reported Adjusted 
recaptures values 
Number 	released 	..................... 723 380 i 
Recaptured in the sea 
First 	winter 	.......................... 1 131 0.156 0.17 Increased 10 % 
Second 	» 	........................ 42 337 5.853 6.44 » 10 °o 
Third 	» 	........................ 13 394 1 852 2.04 » 10 % 
Fourth 	» 	........................ 673 li 	0.093 0.10 » 10 % 
Fifth 	» 	........................ 85 0.012 0.01 » 10 % 
Sixth 	» 	........................ 12 0.002 
Recaptured in river and by coast 
Second 	summer 	...................... 9 961 1.377 2.75 Increased 100 % 
Third 	it 	...................... 6 137 0.848 1.10 » 30 
Fourth 	it 	...................... 2 758 0.381 0.50 » 30 % 
Fifth 	» 	.. 	 .. 	.... 261 0.036 0.05 » 30 % 
Sixth 	» 	...................... 36 0.005 0.01 » 30 % 
The values are adjusted for, e.g., recaptures that were not reported, lost tags, fish caught in the Both-
nian Sea or by the Finnish coast during spawning migration, salmon that have escaped from the 
fishery and actually spawned and so on. The adjustments have been made exactly as Carlin (1962) 
made them. 
Besides migration and fishery, a third factor reducing the salmon population in the Baltic is 
what will here be called natural mortality, which comprises any cause of mortality except fishery. 
Little is known about this factor, but natural mortality must be high during the first year, above 
all because of heavy predation during the first weeks in the sea (including the estuaries). Later on the 
natural mortality might be assumed to be constant and rather low. Following Dr. Carlin, I have 
taken mortality rates of 20 and 10 % for the following years. After four years in the sea, very few 
salmon (0.08 %) are left from a year-class. Calculating backwards from that value, first-year mortality 
rates of 83.3 and 85.3 % are obtained, if, respectively, 20 and 10 % natural mortality is assumed 
for the following years. The resulting model for the numbers of salmon is shown in Fig. 1, where 
10 % natural mortality is assumed, which seems to be the more realistic of the two figures. 
The production of salmon flesh in the Baltic is estimated from the mean weights of the catches 
in the different seasons — also obtained from the tagging experiments. The mean yearly smolt 
production is estimated by Lindroth (1972) to be about 5 500 000 during the years in question, and 
that figure has been used as the input for the production model. The estimates of the mean weights 
of salmon that have died »naturally» are based on the assumption that mortality is constant through-
out the period and on the growth-curve. The mean weight is rather difficult to estimate for the post-
smolt stage, as the mortality is certainly not constant throughout the period. However, the fish 
that die after having reached the Baltic proper are the main contributors to the given figure, although 
they are comparatively few. The reason is rapid growth, the mean individual weight of 35 g for 
smolts increasing to about 1.4 kg one year later. 
RESULTS 
The values shown in Fig. 2 were obtained by converting the numbers to weights. 
The lowest standing crop is in April, when the spawning migrators have left, the 
238 
fishing season has finished and the growth period has not started. It is then about 
1 650 tons. In one year the net production of salmon will be about 3 200 tons, of 
which 1 875 tons are caught in the Baltic proper, 715 tons leave for spawning mi-
gration, 40 tons survive and the rest die naturally. 
The model was tested against actual catch statistics from all the countries en-
gaging in salmon fishery in the Baltic (ICES 1973). If account is taken of the wild 
smolt, which have about 10 % better survival, according to tagging experiments, 
the differences between the actual catch records and the values obtained with the 
model are less than 1 % for the catch in the Baltic and less than 5 % for the catch 
by coasts and in rivers. 
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Fig. 1. Model of survival, spawning migration and catch of salmon released as tagged smolts in 
1958-1967. 10 % natural mortality is assumed. Shaded bars represent actual recapture records. 
DISCUSSION 
The present model must be regarded as a first attempt to develop Carlin's model 
somewhat further. There are several sources of error, above all in the estimates of 
production and mortality during the first post-smolt year. It is hard to devise an 
investigation or experiment that might give useful information on this matter. The 
estimates must therefore be mere logical guesses. 
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Fig. 2. Weight in tons of salmon caught in the Baltic (upper 
circles), spawning migrators (lower circles), fish dying naturally 
(small circles) and remaining stock in the Baltic (squares) in one 
sverage year-class. Natural mortality assumed to be 10 and 20 % 
(in brackets). 
The natural mortality is another uncertain factor. Thurow (1966) estimates it 
to be some percentage units lower than 10 but he does not include salmon taken 
from fishing gear by seals. I have done so, as the tag is lost in such a case. An at-
tempt to improve knowledge about the mortality in the Baltic, among other things, 
will be made next year, when a large tagging experiment with adult salmon is planned. 
However, the test performed on the model indicates that the production figures 
obtained are in the right order of magnitude, which should mean a net production 
of between 3 000 and 3 500 tons a year. This in turn means that between 15 000 
and 20 000 tons of fish, above all sprat and herring, are eaten by salmon every year. 
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SYSTEMS ANALYSIS AND SIMULATION OF THE GREEN 
ALGAL BELT (CLADOPHORA) IN THE BALTIC 
Ann-Mari Jansson 
Department of Zoology and the Askö Laboratory, University of Stockholm, 
S-113 86 Stockholm, Sweden 
The information on the Cladophora community obtained from out own research 
supplemented by literature values is summed up in a complex diagrammatic 
model using H. T. Odum's energy circuit language. The system was found 
to have four principal energy sources: sunlight, nutrients and particulate 
organic matter in the inflowing water, and immigrating organisms. Variables 
expressed in g m -" are nutrients, C(adophora, diatoms, herbivores, juvenile fish, 
other predators and particulate organic matter. For each variable a differential 
equation is formulated and transfer coefficients calculated from known or 
estimated values in g m-2 day -1. In addition, the model was simulated on an 
analog computer using spring starting conditions. The curves obtained for 
the different variables agree surprisingly well with the seasonal variations shown 
by the real system, e.g. the competitive relationship between Cladophora and 
diatoms and the effects of large consumer populations. 
Until now, systems analysis and modelling in marine science have mostly dealt 
with open sea systems with plankton and fish as the principal biological components. 
However, several complex estuarine littoral ecosystems and the interactions between 
land and sea have been modelled by Pomeroy et al. (1972), and McKellar and Odum 
(1972). In the Baltic Sea, modelling was introduced by oceanographers, e.g. Fonselius 
(1971), Svansson (1971), Aitsam (1971), Bolin (1971), and has recently been used 
in ecological research by Wulff (1970), Sjöberg et al. (1972) and Jansson (1972). 
The energy flow language set up by Odum (1972) has been found to be an excellent 
-way to describe natural ecosystems. Using energy as the common denominator, 
flows of energy, minerals, organic matter, populations, etc. can be combined in the 
same model. In the present investigation the Odum language is applied to the green 
algal zone in the Baltic Sea. 
There is a considerable production of filamentous algae in the upper littoral, 
particularly in the archipelagos off the Swedish and Finnish coasts (Waern 1952, 
Jansson 1970). Cladophora glo>nerata (L.) Kutz. is probably the most important spe-
cies. The growth period extends from May to October, often with two or more 
generations per year. The increase in the growth of Cladophora reported from other 
areas (McCarty 1960, Herbst 1969) has been noticed in the Baltic Sea (Norin & 
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Waern 1973) during the last fifteen years. The increase is often found to take place 
at the expense of Fucus vegetation. On the other hand Cladophora growth may be-
come restricted by increased sedimentation. The present study deals exclusively 
with processes within the Cladophora system and does not attempt to consider com-
petition with other seaweed communities. 
THE COMPLEX CLADOPHORA MODEL 
A complex diagrammatic model of the system in H. T. Odum's energy circuit language is presented 
in Fig. 1. The pathways drawn are mainly based on information collected during a twelve years' 
study of the Cladophora zone in the vicinity of the Askö Laboratory in the northern Baltic proper. 
Fig. 1. Energy model of the Cladopbora ecosystem made in collaboration with H. T. Odum. Main 
inputs, internal flows and outflows are shown. Energy sources (circles): Sunlight. Nutrients, oxygen 
and particulate organic matter in inflowing water. Low water and dry air. Surface runoff. Wave 
action. Migration pattern of Fucus fauna. 
Primary producers: Two different Cladophora generations. Diatoms. 
Self-maintaining organisms (hexagons): Mj'/ibrs juv., Gammar u juv., Idotea juv., Chironomid larvae. 
Predators (Planaria). 
Other storage compartments: Nitrogen compounds. Phosphorus. Oxygen. Particulate organic 
matter. Motion. 
Further explanations in the text. 
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Forcing functions influencing the systern from outside are sunlight, water movements, water-
level fluctuations, contents of nutrients, particulate organic matter in the water and in surface runoff 
and the migration pattern of organisms in the associated Facus vegetation. The intensity of those 
forces varies during the season and their pattern is closely represented by the sine wave of pulse 
function generators. 
Storages are composed of: 
1. Primary producers consisting of Cladophora and epiphytic diatoms. 
2. Herbivores grazing Cladophora and diatoms: juvenile Idolea, chironomid larvae, snails and 
microfauna species. 
3. Consumers taking food mainly from the water current, using Cladophora as substrate: Cam-
mares juv., CardiHrn juv. and Mjlilrr juv. 
4. Predators, e.g. turbellarians, Prostoma obscirrim and juvenile fish. 
5. Sediment consisting of dead and living matter captured from the water current and of products 
accumulated within the system: faecal pellets, exuviae, pieces of Cladophora, etc. 
6. Pools of nutrients and oxygen. 
Processes and flows. Light energy is incorporated in the system by primary production. Respira-
tion, excretion, consumption, assimilation, mortality and other processes all involve loss of energy. 
Nutrient regeneration by excretion and decomposition acts as a positive feedback, stabilizing the 
system and furthering its survival. Interactions between processes are represented by the work 
gate symbol. Comparators and switches are used to illustrate immigration from Fiscus. At different 
water-movement regimes, different animal species are able to colonize the system. Another comparator, 
with light as one reference, controls the reproduction of Cladophora. 
THE SIMPLIFIED CLADOPHORA MODEL 
The computer simulations presented below were made on an AD 32 analog computer. The small 
size of the computer restricted the number of variables and processes modelled (Fig. 2). Necessary 
simplifications were the treatment of inflows of sunlight and water as steady, the pooling of all the 
herbivores in one compartment and the use of series of simple multiplicative relations to express 
flows dependent on two or more limiting factors. Most values assigned to the model were derived 
from field measurements carried out during several years and are average values for the system in 
July. The values used for the variables are listed in Table 1 and the calculated transfer coefficients 
in Table 2. Some comments regarding sources and the choice of values are made below. 
1. Forcing functions 
Sunlight (N1). Radiant energy at the water surface is about 4 000 kcal m"2 day"1 during the 
growth period of Cladophora. 
Nutrients in water (J2). Nitrogen was considered the main limiting nutrient in the system, since 
there is evidence that the growth of epiphytes is related to the supply of surplus available nitrogen 
compounds (cf. Fitzgerald 1969a). The daily input of nutrients into the water expressed in g m"2 day 1  
was calculated at a low current velocity, when 4 litres m 2 sec' was exchanged. 
Particulate organic matter (Jr). Until now this inflow has not been carefully investigated. The 
amount of sediment retained depends partly on the biomass of Cladophora, which was not considered 
in the simulations. 
Fa ciss fauna (1V2). Immigration was kept at a minimum. 
2. Storages 
Nutrients (Q 1). Owing to the activity of bacteria and consumer organisms, and the possible ad-
dition from rainwater, as observed by Fitzgerald (1969b), it was considered possible that the toncentra 
Lion of nitrogen compounds could be considerably higher within the system than in the free water. 
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Fig. 2. Simplified Cladophora model for analog computer simulation 
TABLE 1. Estimates of variables for scaling and initial conditions 
Variable 	 Unit 	 Estimate 	Estimated 	Initial 
for 	 maximum condition 
sealing 
Forcing function: 
Sunlight, 	IV, 	.................. kcal m -2 day -' 4 000 5 000 	0.8 
Part, 	org. 	matter, Jl 	............ g m "s day -' 0.3 10 0.03 
Nutrients, Ja 	................... g m -2 day -' 1.8 10 	0.18 
Immigration, 	1V., 	............... g m -2 day -1 0.9 3 	1 	0.03 
Storage: 
Nutrients, 	Ql 	................. g m -_ 0.06 1 	0.06 
Cladophora, 	Q2 	................ g m 2 74 400 0.05 
Diatoms, 	Q : 	................... g m 2 7.4 100 	0.02 
Herbivores, 	Qa 	................. g m -2 5.8 50 0.02 
Fish, 	Q; 	........................ g m -" 0.145 5 	0.002 
Other predators,Q 6 g m -'- 0.1 0.5 	1 	0.02 
Part. org. matter, Q- 	............ g m -s 5 50 	i 	0.04 
Cladophora (O,). The standing crop of Cladophora on a moderately exposed shore is about 50-
100 g (dry wt) ri ∙ in the middle of July. The growth curve has usually levelled off by this period and 
reproduction occurs. P/R for Cladophora varies. In June the ratio was measured as 1.5 by the oxygen 
curve method. The associated microflora and microfauna (0.1 g m'-) favoured by a possible leakage 
of dissolved organic matter may be responsible for some of the respiration. The daily net production, 
measured by the harvest technique, was about 10 per cent of the standing crop in June. The values 
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TABLE 2. Calculated values of coefficients 
k1J2 0.18 k11 0.0025 k21 	0.001 
k, 0.5 - 10 -' k l, 0.02 k,_ 	0.13 
k 0.35 : 10 - kl, 0.046 k,, 	0.01 
k4 0.8.10 -, k14 0.017 k>4 	0.01 
k 5 0.2 - l0 - k15 0.076 k, 5 	0 
k 6 0.31 - 10 -' k16 0.014 k_ 6 	0.06 
k 7 0.43 	10 -4 k17 0.1 k.,_N1 0.8 
k s 0.22 	10 -1 k ls 0.05 k_ 8 N,, 0.03 
k 9 0.8.10 -' k19 0.05 k9 9J1 	0.03 
k lo 0.0005 k,o 30 
used in the simulations were calculated from measurements of community metabolism undertaken in 
the middle of July. I. Wallentinus (pets. comm.) assessed the nitrogen content of Cladophora at 
about 15 mg g 1 (dry wt). The uptake of nitrogen was calculated from values for gross production. 
Diatoms (,Q). With a density of 20 000 individuals per mg of Cladophora (Jansson 1969), the 
estimated dry weight of diatoms is about one tenth of that of Cladophora in July. Cell divisions were 
supposed to occur once every third day. New settling was considered to be less than outflow due 
to so-called sludging. Uptake of nitrogen by diatoms was assumed to be faster than that of Cladophhore. 
Herbivores (Q4). Cladophora, diatoms and detritus are considered equally important as food. 
Values derived from the literature or from our own investigations of consumption (Jansson 1967), 
assimilation, respiration (v. Oertzen 1965), mortality, etc. for separate species were summed up to 
obtain exchange rates characteristic of the total populations. 
Fish ((~;). juvenile fish of, e.g., sticklebacks were regarded as part of the Cladophora system, 
although much of their food is taken from other systems. 
Other predators (Q 6). The consumption rates of predators were calculated from values for 
triclads given by Reynoldson and Davies (1970). 
Organic matter (Q..). For sediment-living microorganisms a decomposition rate constant was 
used (Finenko & Zaika 1970). 
3. Differential equations 
A differential equation was constructed for each storage in the model. These are: 
Q1 = k112 + k19 G - k2N1Q1Q2 - k4N1Q1Q2Q3 - k20Q1 
Q2 = k3NIQ1Q2 k6Q2Q3Q4Q7 -k13Q2- k21Q2 
Q3 = k5N1Q1 Q2Q3- k7Q2Q3Q4Q7 - k1403 - k22Q3 
Q4= k28N2 +k902030407 -k10 4- k1104- k1204 -k15Q4-k2304 
05= k10Q4- k1605- k2405 
Q6= k1104- k17Q6- k2506 
Q7= k21i1 + k12Q4- k18Q7- k26a7 
SIMULATIONS AND DISCUSSION 
Fig. 3 gives the results of the simulations showing the changes in the storage 
compartments over a five months' period. The slight phase lag with each successive 
transfer indicates the typical prey-predator relationships. 
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Nutrient storage (Q1) is rather stable throughout the period. A small decline 
when the total biomass of algae is at a maximum indicates that nutrients become 
limiting for primary production. 
The maximum of Cladophora (Q2), c. 150 g m -2, occurs after two and a half 
months, corresponding to the middle of July in the real system. The peak in the 
epiphytic diatom biomass (O;) comes about ten days later. In the field blooms of 
epiphytic diatoms are seen at the beginning of August (Jansson 1969). 
The stock of herbivores (O.,) increases slowly and reaches a maximum in the 
late summer. During this period many grazing macro-animals are ready to migrate 
to other littoral systems (Jansson 1970). 
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Fig. 3. Graphic records from computer simulations of the Cladophora model showing the size of 
various compartments as a function of time. Perturbations, described in the text, were made at A, 
B and C. 
246 
The biomass of fishes (0 5) reaches a maximum at about the same time as that 
of the herbivores. Food is exploited when it is most abundant and then the shoals 
of juvenile fish move to other littoral communities. 
The behavior of the »other» predator storage compartment (Q s), reaching 
something of a steady state at the end of the period, has a counterpart in nature, 
where triclads and Prostoma are particularly abundant in September. 
Particulate organic matter (Q ;) accumulates slowly in the system but increases 
rapidly when the consumer populations are at maximum. The peak of organic matter 
shown by the simulations to occur in September has not been noticed in the field. 
During this period most loose materials are probably removed by increased water 
movements. 
Some perturbations were made in the model. One set of perturbations was intended 
to illustrate the importance of timing the immigration from Facets. Juveniles of 
Idotea, Gansmarur and Chironomidae invade the Cladophora belt in large numbers. 
An increase of 5 g m"" in 10 days has been observed in July in the field. When the 
herbivore store (Q) was suddenly increased by 3 g m -'- at three different points 
in time (A, B and C in Fig. 3), the diatom store was drastically affected, being grazed 
down to zero in case C and kept at low levels (< 20 g m -2) in both A and B. All 
three simulations also gave a lower production of herbivore biomass than the un-
disturbed system. On the other hand, Cladophora was favourably affected, probably 
owing to decreased competition for nutrients from diatoms. 
Perturbations were also made of the inflow of nutrients. When nutrient input 
was increased by 30 % the growth of Cladophora was much faster and the maximum 
somewhat higher (c. 180 g m -2), occurring after only 7-8 weeks. The peak of 
diatoms was also higher. The main effect of increasing nutrients seemed to be a 
faster turnover rate, which means that two or more peaks instead of one are reached 
during one season. This effect is already well known in eutrophic bays of the Baltic. 
As seen from the simulations presented here, Cladophora is a fluctuating system, 
not reaching a steady state during the summer period. Fluctuations occur even 
with steady inflows of light and nutrients, being brought about by the trophic re-
lationships and feedback mechanisms within the system. Cladophora is a successional 
stage in the upper littoral typically preceded by Pila 	and followed by Dicijori- 
phon and Ceramium_ Those algal systems have probably many features in common 
with that of Cladophora. hnowledge about the dynamics of those and other seaweed 
communities and the balances between them is necessary for the interpretation of 
the role of the littoral in the whole Baltic Sea system. Modelling and simulations 
should facilitate and promote the understanding of this role. 
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MEAN ANNUAL VARIATIONS OF THE OXYGEN 
CONTENT OF THE NEAR-SURFACE REGION OF THE 
GOTLAND AND ARKONA SEAS 
Wolfgang Matthäus 
Institut fur Meereskunde der Akademie der Wissenschaften der DDR, Warnemunde, DDR 
Altogether 147 series of oceanographical measurements from the Gotland 
Deep (roughly 57°20'N, 20°E) and 220 series from the Arkona Deep (rough Ev 
55°N, 14°E) were taken into account in determining the mean annual variations 
in the oxygen content at six levels, between the surface and 50 m in the Gotland 
Deep and seven between the surface and 45 m in the Arkona Deep. Diagrams 
show the mean annual variations of the oxygen content, oxygen solubility, 
temperature and oxygen saturation in the Gotland Deep in the period 1902-
1971 and the variation of the oxygen content in the Arkona Deep in the period 
1952-1972. 
Maximum oxygen concentrations of 9.4 ml/l occur in the Gotland Deep 
at the surface and at 20 and 30 m during the second half of April. Maximum 
values of more than 9.5 ml/l were found at 10 m in the first half of May, cor-
responding well with the time of the phytoplankton bloom. The maximum 
oxygen supersaturation (114 %) occurs at a depth of 10 m during the first half 
of June. The minima for the oxygen content in the upper 40 m coincide with 
the maximum temperatures and the minimum solubility of oxygen at the 
corresponding depths. 
The maximum concentrations of oxygen (highest 9.6 ml/1) occur at 5 m 
during the second half of March in the Arkona Deep. This corresponds well 
with the period of the phytoplankton bloom. Pronounced annual variation in 
the oxygen content was found in the bottom layers. Extreme concentrations of 
7.8 ml/I in March and about 3 ml/I in autumn were recorded at 45 m. The 
amplitude of this fluctuation is 1.7 times the surface amplitude. Possible 
reasons for the deviation are discussed. 
Possible connections are pointed out between the mean annual variation 
of the oxygen content and biochemical and dynamic-physical processes. 
Since the Baltic is one of the most intensively studied marine areas in the world, 
relatively long series of measurements are available for a number of oceanographical 
parameters. Special attention has always been paid to the content of dissolved oxy-
gen, so that regular measurements date back as far as 1902. This provides a good 
basis for the calculation of the mean annual variations and their dependence on 
depth. 
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The measurements examined here came from one station in the eastern part of 
the Gotland Sea and another in the Arkona Sea. Although largely homogeneous: 
as regards location, the measured values are not homogeneous with respect to time. 
A method which balances the observed values by means of a linear combination of 
trigonometrical functions (Matthäus 1971) was therefore used for calculating the 
mean annual variations. The data were taken mainly from the Bulletin Hydro-
graphique (1902-1956), ICES Oceanographic Data Lists (1957-1964), Annalel 
Biologiques (1958-1967), Merentutkimuslaitoksen Jul] aisu (1924-1964), Med-
delande från Haysflskelaboratoriet Lysekil (1963-1971) and IBY Data Lists (1969-
1970). 
GOTLAND SEA 
Altogether 147 series of measurements taken in the Gotland Deep (station F 81 or BY 15 A 
at about 57° 20' N, 20° E) during the period 1902-1971 were used for the calculation of the mean 
annual variation of the oxygen content. The amplitudes öf the annual, semi-annual, four-monthly 
and three-monthly harmonic waves as well as the standard deviation were ascertained for six depths 
within the surface layer (surface, 10 m, 20 m, 30 m, 40m, 50 m). The distribution of the measured 
values along the time-axis is shown in the figures. It can be seen that roughly half of all the ob-
servations were made in the period May—September. About half of the measurements were made 
during the last 10 years. Fig. 1 shows the mean annual variations in oxygen content (a), oxygen. 
solubility (b), temperature (c) and percentage of oxygen saturation (d). The tables adjoining the 
curves give the standard deviation i of the observed values from the mean curve for the selected 
levels. 
The amplitude of the mean annual harmonic wave for the oxygen content is 1.3 ml/l at the surface, 
decreases with increasing depth and still amounts to 0.7 ml/l at 50 m. The mean difference between 
the maximum and minimum oxygen content (Fig. la) is 2.7 ml/l near the surface and decreases to 
1.6 mI/I at a depth of 50 m (Matthäus 1974). Further investigations showed that an annual variation 
is still present at a depth of 60 m, but that the influence of the discontinuity layer is already discernible, 
the scattering of the individual values increasing to such an extent that the standard deviation is 
three times as large as for a depth of 50 m. There is no annual variation in the region of the dis-
continuity layer at a depth of 70 m. The measurements range between 0.5 and 9 ml/I and the standard 
deviation of the individual values from the mean is about 2.3 ml/1. 
The temperature and salinity were used for determining the solubility of oxygen (Fig. 1b) by 
the method of Green and Carritt (1967). The mean annual variation was then calculated by balancing_ 
Ina first approximation these curves are determined by the temperature curves asis shown by compari-
son with the annual temperature variation in Fig. 1 c. The mean annual temperature variation was 
determined from 123 series of measurements taken during the period 1902-1970. Details concerning 
the elements of the mean annual variation for the Gotland Deep from the surface to a depth of 100 m 
have already been published (Matthäus 1973). Finally, the mean annual variation in oxygen sa-
turation (Fig. 1d) was calculated on the basis of the annual variations in oxygen content (Fig. la) and 
oxygen solubility (Fig. lb). 
According to Sverdrup, Johnson and Fleming (1961), the highest oxygen con-
centrations may be expected at times and depths with increased organic production_ 
Since oxygen is emitted by plants assimilating carbon, the oxygen content can serve 
32 19913-71 
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as an index of the activity of the phytoplankton. A maximum oxygen content in the 
surface layer could be a clue to the time at which the phytoplankton bloom can be ex-
pected. However, the annual variations in the oxygen conditions reflect a com-
plicated interaction between biological-chemical and dynamic-physical processes. 
The uniform increase of 1.5 ml/l (Fig. la) throughout the water column from 
the beginning of November to mid February is generally associated with a tem-
perature decrease of roughly 6° C (Fig. lc). There are practically no gradients in 
the temperature and oxygen contents in the upper 40-m layer (Fig. 4a). The highest 
mean wind forces (4.5-4.7 Bft) also occur during this period in the area between 
56 and 58° N, and 18 and 20° E (Markgraf & Bintig 1954), 25 to 30 % of all the 
records ranging from 6 to 12 Beaufort. The average wind direction is southwesterly. 
The oxygen solubility (Fig. lb) increases from about 7.8 ml/l to 9.3 ml/I during this 
period, i.e. by 1.5 ml/l, like the oxygen content. This suggests that the increase in 
oxygen content from early November to mid February is mainly due to mixing 
caused by wind waves, which transports atmospheric oxygen down to depths of 
even 50 m. This is supported by the investigations of Kremser and Matthäus (1972, 
1973), who obtained considerable vertical turbulent heat exchange coefficients 
down to 50 m (Fig. 2). Nevertheless, an oxygen deficit can be observed, as the per-
centage saturation at all points in the upper 30 m reaches only 96-98 % (Fig. 1d). 
The amount of oxygen produced by photosynthesis in periods when there are no 
blooms (Kaiser & Schulz 1973a) is probably slight. The consumption of oxygen 
is also reduced by the decrease in the metabolic activity of living organisms at low 
temperatures. 
The temperature distribution remains almost homothermic in the upper 50 m, 
even after the minimum in the first half of March, until about the end of April. 
The mean wind forces in March and April are 3.7 and 3.3 Bft., respectively. The 
assimilatory activity of the phytoplankton during this period may already con-
tribute appreciably to the oxygen content. Vertical differentiation of the oxygen 
content begins, although there is no thermohaline stratification and the oxygen 
solubility (Fig. lb) hardly varies between the surface and 50 m. The oxygen content 
at 50 m reaches its maximum of 9.1 ml/l when the temperature in the subsurface 
layer reaches its minimum, at the beginning of March. At a depth of 40 m the oxygen 
maximum of 9.3 ml/l occurs at the end of March. Photosynthesis can make only 
a small contribution to the supply of oxygen at these depths, and the highest values 
can be observed as soon as the point of maximum oxygen solubility has been passed 
(Fig. 1b). Accordingly, saturation values of 100 % are not attained at any time in 
the year at depths of 50 m or 40 m (Fig. id). 
The oxygen content increases in the upper 30 m after the temperature minimum 
has been passed. This increase is slower than in the period November — January, 
probably partly because the solubility of oxygen decreases as the temperature rises. 
The further increase in oxygen occurring although mixing by wind waves is still 
generally strong (Fig. 2) can probably be attributed to the assimilation by the phyto- 
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temperature T (c) and in the percentage oxygen saturation O_ (d) in the near-surface area of the 
Gotland Deep. 
plankton, because the percentage of saturation also increases rapidly in the upper 
30 m from the beginning of April and exceeds 100 in the middle of that month. 
According to Ignjatovic (1968), only photosynthesis can be regarded as the cause 
of pronounced supersaturation. 
Maximum oxygen concentrations of about 9.4 ml;l are found at depths of 30 
m and 20 m and at the surface during the second half of April. The highest concen-
tration is to be expected at 10 m during the first half of May, the 70-year mean ex-
ceeding 9.5 mlf 1. The oxygen content at the surface remains lower than at a depth 
of 10 m throughout most of the six-month summer period. The mixing process 
in the immediate vicinity of the surface probably results in the transfer of some 
oxygen from the supersaturated water to the atmosphere. However, maximum 
assimilation in the Gotland Deep is not observed immediately beneath the surface, 
but at a depth of 2.5 to 5 m. The times of the oxygen maximum correspond well 
with observations of the blooming period of the phytoplankton, reported by Kaiser 
and Schulz (1973a) to be in May and observed during the middle of May in 1970 
in the Gotland Deep (Schulz & Kaiser 1973). 
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A rapid decrease in the oxygen content, which is most noticeable (2.7 ml/l in 
three month) near the surface (0-10 m), starts after the maximum. The maximum 
percentage saturation at depths of 0-20 m (Fig. 1d) is reached during the first 
half of June, because the reference level for the calculations (see also Fig. 1b) shifts 
to smaller values. Maximum values, of about 114 %, are again observed at 10 m. 
The weather from May to August is characterized by relatively weak winds 
(less than 10 % of records over 6 Bft., Markgraf & Bintig 1954). As shown by 
Fig. 2, this results in periods of small vertical exchange at the end of May in the 
upper 20 m and in mid or early May at depths of 30-50 m. The reduction in the 
oxygen content could, therefore, be partly due to the transfer of oxygen from the 
supersaturated water to the atmosphere, even if the sea is less rough. It could pos-
sibly also be partly ascribed to consumption by the numerous organisms, partic-
ularly the zooplankton, present during the period concerned (see Kaiser & Schulz 
1973b), and to the increase in their respiration with rising temperatures. 
In the upper 40 m, the oxygen minimum coincides with the temperature max-
imum and the minimum of oxygen solubility. After August the wind forces start 
to increase. Saturation values of less than 100 % can already be observed in July 
at the 20 and 30 m levels. The value drops below 100 % in August at the surface 
and in September at a depth of 10 m, as the roughness of the surface increases. 
The oxygen content grows rapidly at all the depths observed when the minimum 
values have been passed and the temperature drops. This rise, first apparent near 
the surface and later at greater depths, could be due to the solution of atmospheric 
oxygen as a result of the increased mixing caused by the waves, as well as to the 
assimilation of the phytoplankton. The mean annual variation in oxygen content 
provides nothing to indicate that the autumnal bloom, such as that observed in 
October 1969 (Schulz & Kaiser 1973), contributes noticeably to the oxygen con-
tent. A homogeneous distribution of oxygen in the upper 50-m layer is reached 
again at the beginning of November. 
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Altogether 220 series of hydrographical measurements taken from the Arkona Deep (stations BY 
2 A; S 12 (Sweden); 41 d (GDR); A-1 (Poland); roughly 55°N, 14°F,) during the period 1952-1972 
were used for the calculation of the mean annual variation of the oxygen content. The annual varia-
tions and standard deviations shown in Fig. 3 were calculated for seven depths (surface, 5 m, 10 m, 
20 m, 30 m, 40 m, 45 m). The measured values are distributed relatively evenly through the year. 
In each case about 25 % of all the values lie within a quarter of a year. About 56 % of all the data 
were recorded during the last ten years. 
The amplitude of the mean annual harmonic wave is 1.4 nil/I at the surface, decreases slightly 
to 1.3 ml/l at a depth of 20 m and then rises to about 2.5 ml/1 at a depth of 45 m. The mean difference 
between the maximum and the minimum in the annual variation shows a corresponding distribution. 
It is 2.9 ml/l at the surface, drops to 2.7 ml/I at 20 m and then rises again to 5 m1/I at a depth of 45 m. 
The standard deviation, however, increases significantly at depths of 40 and 45 m. 
It is evident from Fig. 3 that the annual variation of the oxygen content in the 
Arkona Sea must be ascribed to other factors besides those involved in the case 
of the Gotland Deep. Pronounced variation in oxygen occurs in the bottom layer. 
On average, two layers with different oxygen contents exist throughout the year 
(Fig. 4b). The mean annual variation is relatively uniform in the upper 20-m layer. 
The vertical differences in the oxygen content of the 20-m layer are less than 0.15 
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mi/l from early November to mid February. A uniform increase of about 2 ml/I 
occurs in this period. This is probably mainly caused by the cooling of the water 
during the winter and by mixing due to waves. The mean wind forces in the area 
between 54 and 56° N, and 14 and 16° E are about 4.7 Bft. (Markgraf & Bintig 
1954). 
Slight vertical differentiation in the oxygen content can be observed after the 
middle of February. The maximum concentrations have been reached by the second 
half of March, the average maxima for the last 20 years being 9.4 ml/l at the sur-
face and 20 m, 9.5 ml/1 at 10 m, and over 9.6 ml/1 at 5 m. The occurrences of the 
maxima correspond well with those of the blooms of phytoplankton in the Arkona 
Deep (Kaiser & Schulz 1973a). 
After the maximum, the oxygen content decreases rapidly, reaching a minimum 
value of about 6.6 ml/l in mid August in the upper 10 m and late August at 20 m. 
The decrease is somewhat slower than in the Gotland Deep. The increase in the 
surface layer (0-10 m) during September and October, which is more pronounced 
than at 20 m, may indicate that the phytoplankton generally also has an autumnal 
bloom. The mean oxygen content at 30 m is up to 0.6 ml/l lower than that in the 
upper 20 m almost throughout the year. 
Vertical exchange processes can hardly be regarded as the only explanation of the 
pronounced annual variations in the layers near the bottom. If they were, the vertical 
distribution would always be approximately homogeneous, at least during the seasons 
in which storms are frequent, and the oxygen-rich deep water would have a low 
salinity during winter and spring, whereas the water containing less oxygen in autumn 
would have a higher salinity. Vertical differentiation in the oxygen content (see Fig. 
4b) and a halocline are usually present throughout the year. Only in some cases is the 
oxygen curve almost orthograde in winter. No annual variation in salinity could 
be detected at depths of 40 and 45 m. It is unlikely that the renewal of deep water 
as a result of extreme regional cooling of surface water in winter (Krause 1969) 
plays an important part in the annual variation of the oxygen content. 
It seems more probable that advection processes are involved. The effects of 
the horizontal exchange of water across the Darss sill are evident in the bottom 
water of the Arkona Sea. Twenty inflows of salt water have been reported for the 
period 1950-1968, all between the end of September and the end of March (Wolf 
1972). It seems possible that smaller amounts of water from the Belt Sea intrude 
far more frequently (Krause 1969, Wolf 1972). 
During the winter the water in the transition area is well-aerated and has a high 
oxygen content owing to the relatively low temperatures. A salt water inflow during 
this season, when conditions favour the inflow of water of higher density, will thus 
convey oxygen-rich water from the Belt Sea into the layers near the bottom of the 
Arkona Sea. The oxygen content reaches the average maxima of 9.2 ml/l at 40 m 
and 7.8 ml/l at 45 m in March. 
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The mean oxygen content at depths of 40 and 45 m decreases by 3.4 ml/l from 
April to June and reaches the lowest values of about 5.6 and 3 ml/l, respectively, 
in the autumn. This decrease can probably be ascribed mainly to chemical decom-
position and biological consumption. The penetration of water from the Belt Sea 
during the warm seasons reported by Hela and Krauss (1959) at 40 and 42 m will 
hardly lead to an increase in the oxygen content of the deep water. Owing to its 
higher temperature, the inflowing water seldom attains the density necessary to 
penetrate into the bottom layers, and its oxygen content is comparatively low. By 
mid October the oxygen content begins to increase again, probably owing to the 
frequent influx of relatively small quantities of water. 
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A SURVEY OF THE BENTHIC MACRO- AND MEIOFAUNA 
OF THE ASKÖ - LANDSORT AREA 
S. Ankar and R. Elmgren 
Department of Zoology and the Askö Laboratory, University of Stockholm, Box 6801, 
S-113 86 Stockholm, Sweden 
During summer 1971 random samples were taken of the macro- and meiofauna 
in a northern Baltic archipelago area of 128 km2. At each station one van Veen 
grab sample was taken for the macrofauna and one gravity core sample for the 
meiofauna. In all, 38 macrofauna and 36 meiofauna samples were collected 
from depths of 9-50 m. Abundances and biomasses were examined in relation 
to water depth and sediment type. 
The macrofauna averaged 3 500 ind. m-2 and 140 g m-2,with Macoma 
baltica, Mytilur edit/is, Pontoporeia affinis and P. femorata together totall y dominant. 
The meiofauna averaged 4 \ 106 ind. m-'- and 6 g m -2, with ostracods (mostly 
Paracyprideis fennica and Helerocyprideis sorbyana) making up 50 % of the bio-
mass, and nematodes 90 % of the abundance. The macrofauna biomass de-
creased with increasing depth, while the meiofauna biomass increased. 
This survey clearly shows the neccessity for sampling both the macro-
and meiofauna, when benthic faunal production estimates are attempted in 
Baltic coastal areas. 
When production studies covering a larger sea area, rather than a specific station or 
community, are undertaken, it is essential to make a preliminary survey, to ascertain 
the relative importance of different habitats and organisms within the area. The 
survey described here was part of the Ashö Laboratory research project »Energy 
flow through the Baltic Ecosystem». Our purpose was to quantify, in terms of abun-
dance and biomass, the relative importance of the macro- and meiofauna in different 
habitats, as well as to identify the dominant taxa within each of these two groups. 
MATERIALS AND METHODS 
The geographical situation and general character of the study area are shown in Fig. 1. The archipelago 
is relatively narrow and open to the Baltic, with a number of small barren skerries. The depth con-
ditions are very variable, with a mean depth cf 25-30 m. 
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Fig. 1. Map of the study area, showing the five subareas and the randomly selected stations. The 
shaded areas are wooded islands. Filled circles are stations where both macro- and meiofauna samples 
were collected. I-{alf-filled circles are stations where only macrofauna samples were obtained, and 
open circles are stations where no samples were obtained. Station 5: 9 was shallower than 3 m, 
the other open-circle stations had hard bottoms. 
The total study area of 128 km2 was divided into five subareas. The sampling stations were selected 
at random within each subarea, using the grid formed by the Decca Navigation System. Sampling 
took place between 16 July and 2 August 1971. Stations shallower than 3 m were excluded. The 
macrofauna was collected with a 0.1-m"- van Veen grab, the meiofauna with a small gravity corer 
with a sampling area of 3.9 cm'-. One sample of each kind was taken per station, when the narute 
of the bottom permitted. The macrofauna samples were sieved through a 1-mm-mesh net. The 
meiofauna cores were almost always more than 5 cm long. They were preserved whole in 10 ;ö 
hexamine-buffered formalin with rose bengal. Before counting they were sieved through a 1-mm-
mesh net, decanted, subsampled (1:8, according to Elmgten 1973) and sieved through a 100-,um-
mesh net. The filtrate was subsampled again (1:5), and passed through a 37-urn-mesh sieve. The 
entire heavy residue and both subsample fractions were counted as in Elmgren (1973). 
The biomass estimates are wet weight, including shells, and were in most cases derived from 
measurements on preserved animals and length-weight regression curves. Standard values were 
adopted for some animals, which were all of minor importance, except the nematodes (100-dem sieve: 
0.6 ,ug, 37-,um sieve: 0.1 ,ag). Weighted means and their standard errors were calculated according to 
Snedecor and Cochran (1967: 520-521), the proportions of the subareas where samples could not 
be obtained being assumed to be equal. 
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The sediments were classified by visual estimation as mud, mixed mud and sand, or sand. 
Sven Ankar was responsible for the macrofauna work, and Ragnar Elmgren for the meiofauna 
investigation. 
RESULTS 
The shallower stations generally had hard or sandy bottoms (Table 1), while the 
deeper stations had predominantly mud or mixed sand and mud. In the more 
sheltered inshore areas (3 and 5 in Fig. 1) mixed or mud bottoms were also found 
at shallower depths, while in the outermost archipelago some of the deeper samples 
were sandy. Samples were obtained from depths between 9 and 50 m. 
TABLE 1. Distribution of bottom types in different depth zones. (One of the stations chosen at 
random was shallower than 3 m and is not included in the Table.) 
depth 
n1 
mean 
depth 
mud mixed sand hard 	tot,l 	o 
botrom 
3-20 	........................ 13.0 3 5 4 	12 27 
21-30 	........................ 23.9 4 5 1 3 	13 29 
31-40 	........................ 35.2 8 3 3 13 29 
41-50 	........................ 44.0 4 3 7 16 
total 	.......................... 27.4 16 14 8 7 	' 	45 100 
% 	............................ 36 31 18 16 	100 
The shallower sandy stations had the richest fauna, dominated by molluscs 
(Mytilus cdu/is, Macoma baltica and Hydrobia spp.), but often also with large numbers 
of Tubificidae. The meiofauna at these stations had relatively low abundances and 
biomasses, but contained many taxa. 
The mixed bottoms were also dominated by molluscs, especially Mytilus and 
Macoyna. In the deeper samples some animals more typical of mud bottoms also 
acquired importance, i.e. Portoporeia affinis and the ostracods Paracyt'rideis Fennica 
and IHeterocyprideis sorbyana. 
On the typical deeper mud bottoms the macrofauna was dominated by PoJato-
poreia affinis and P. fenzorata, but some large Macoma baltica also occurred. The abun-
dances were high here too, but the biomasses were much lower than on bottoms 
with sand. The meiofauna was extremely rich, both its abundances and biomasses 
being more than twice as high as in mixed and sand bottoms. The high abundance 
values were due to enormous numbers of nematodes, while most of the biomass 
was contributed by the two ostracod species Paraggprideis fennica and Heferogvpridei.r 
sorb] ana. 
The dependence of the benthic biomass on sediment type is illustrated by Fig. 2. 
The biomasses are rather similar on sand and mixed bottoms. On mud bottoms 
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Fig. 2. Benthic biomass on different bottom 
types. The lines at the top of the columns are 
standard errors. 
g.n52Macrofauno 	BIOMASS 	Meiofauna g:m2~ 
T 	wet weight 
10 1 
-400 
5 -1 
-200 
depth 3-20 	21-30 	31-40 	41-50 metres interval 
mean  
depth 15.5 	24.8 	35.2 	44.0 
number  6 	10 	13 	7 
Fig. 3. Benthic biomass in differ-
ent depth zones. The lines at the 
top of the columns are standard 
errors. 
the macrofauna decreases greatly, while the meiofauna biomass about doubles. This 
results in a macrofauna-to-meiofauna ratio of about 46 : 1 in sand and mixed 
bottoms, but of only about 5 : 1 in mud. The dependence of the fauna on depth (Fig. 
3) is largely influenced by the depth distribution of the bottom types. The macro- 
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fauna biomass is at a maximum in the shallow zone (3-20 m), and decreases contin-
uously with depth, even with the same sediment type. At the shallower stations 
Mi'tilus edulis and Maconra haltica dominate. Below about 30 m Pontoporeia affinis 
and P. femorata dominate together with Macoma. In contrast, the meiofauna has its 
minimum in the shallow zone and increases to a marked maximum in the 30-40-m 
depth zone. The biomass is dominated by ostracods, especially in the deeper zones 
(30-50 m), while nematodes and temporary meiofauna are of some importance 
throughout. 
The results are perhaps best summarized in Table 2. The four dominant macro-
fauna species mentioned above make up almost 95 % of the macrofauna biomass. 
The ostracods (almost entirely Paracyprideis fennica and Heterocyprideis sorbyana) 
make up 50 % of the meiofauna biomass, while the nematodes contribute only 
about 19 %, in spite of being responsible for 90 % of the abundance. The temporary 
meiofauna (mostly Macoma baltica) makes up 11 % of the biomass. For the area 
as a whole the ratio of the macrofauna biomass to the meiofauna biomass is about 
23 : 1. 
TABLE 2. The benthic fauna on soft and sand bottoms in the study area 
SPECIES OR GROUP 	 WEIGHT MEAN STANDARD ERROR 	 CON- 
STAN- 
ABUN- 	 % 	 BIOMASS 	% 	CV 
DANCE gm-' 
id. m-2 	 (wct wt.) 
MACROFAUNA 
Halicryptus spinulosus 	........ 37 ± 	9 1.1 1.6 	± 	0.4 	1.1 23/38 
Harmothoe sarsii 	............. 119± 19 3.3 0.09± 	0.02 	0.1 37/38 
Tubifex costatus 	.............. i 	123+ 58 3.4 0.2 	± 0.09 	0.1 16/38 
Clitellio arenarius 	............. 164.+ 92 4.7 0.3 	± 0.2 0.2 14/38 
Mesidothea entomon .......... 10± 	4 0.2 0.8 	± 	0.3 	0.6 12/38 
Pontoporeia affinis 	............ 1 643±224 46 10 	± 	1.6 7.3 37/38 
P. 	femorata 	.................. 250 j- 94 7.1 1.8 	± 	0.6 	1.3 20/38 
ro 	~a 	s 	................. Y 	pp 2 8 t 131 7.6 1.4 	0.6 	I 	1.0 10/38 
Mytilus 	edulis 	................ 366±132 10 52 	±20 38 18/38 
Macoma baltica ............... 363+ 65 10 68 	±14 	50 34/38 
TOTAL 	....................... 3 548±381 100 138 	±26 	100 
X103 indm -2 
MEIOFAUNA I 
Turbellaria 	................... 43 L 	7 1.0 0.4 ± 0.2 	6.5 32/36 
Nematoda 	................... 3 849±518 ! 	90 1.1 	= 	0.2 	' 	19 36/36 
Kinorhyncha 	................ 92+ 10 2.1 0.3 	± 0.1 5 32/36 
Harpacticoida 	................. 86+ 12 2.0 0.1 	± 	0.1 	2.5 32/36 
Copepod nauplii 	............... 61 ± 15 1.4 < 0.1 < 0.5 25/36 
Ostracoda 	................... 73± 10 1.7 3.0 	+ 0.6 	50 35/36 
Paracyprideis fennica 	........ 38 f 	8 0.9 1.8 	+ 0.5 	29 28/36 
Heterocyprideis sorbyana .... 20± 	5 0.5 1.1 	± 0.3 	19 28/36 
Temporary meiofauna ......... 42± 	6 1.0 0.7 	± 0.2 	11 36/36 
Macoma 	baltica 	.............. 34± 	8 0.8 0.4 	± 	0.1 	! 	6 35/36 
TOTAL 	....................... 4298±544 100 6.1 	± 	0.8 	, 	100 i 
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DISCUSSION 
It is obvious that one sample per station is not enough for a discussion of the 
differences between single stations. Only major differences between depths and 
sediment types can be demonstrated. On the other hand, the means for the entire 
area will be more reliable than could be obtained from many more samples taken 
from fewer, subjectively selected stations. 
We restricted our sampling to depths greater than 3 m. Since only a small pro-
portion of the bottoms in the study area lay in the 3-9 m depth zone, we obtained 
no samples from the often highly productive soft bottoms at depths of less than 9 m, 
which are important feeding grounds for young fish (Muus 1967). 
Another source of error in our results is the limited efficiency of the samplers. 
For the macrofauna this is probably of importance mainly on sandy bottoms, where 
the penetration of the van Veen grab is Iess than 3-4 cm. Results from SCUBA 
coring on a sandy bottom indicate that penetration of at least 4 cm is required for 
essentially quantitative sampling of the Matara baltica biomass (Ankar, unpublished). 
Since several (11 out of 38) of our grab samples from bottoms with abundant sand 
had penetration depths of less than 4 cm, the biomass of Maconza may be consider-
ably underestimated in these samples, although it was generally found to be high. 
For the meiofauna the situation is even worse, since it is apparently always under-
represented when gravity core samplers are employed (Elmgren 1973). The sampler 
used here was tested on both a mud and a sand bottom, and found to give abundance 
values that were 46 % and 66 %, respectively, of those obtained with large diameter 
SCUBA cores. Thus the figures presented here are all underestimates, and should 
probably be multiplied by a factor of about 1.5 on sand and 2 on mud to obtain truer 
values. The methods used for estimating biomass are considered relatively reliable 
for all important groups, except the nematodes. These may well be underestimated, 
since the standard weights used here are much lower than the values given in the 
literature. 
The macrofauna abundances found here are higher than most comparable values 
from the Baltic known to us. The biomasses, too, are rather higher than most corn-
parable values, among them Hessle's (1924) values from the same area. On the other 
hand, they are much lower than values from the Bight of Kiel (Arntz 1971). The 
composition of the biomass is rather similar to that found by Segerstråle (1933) 
in the Finnish archipelagos, except that we found more Mytilus cdu/is, since we 
sampled more sandy bottoms. 
The meiofauna values are very high, both for abundance and biomass. There 
are few earlier Baltic investigations with which comparisons can be made. Quali-
tatively there is good agreement with the pioneer results of Purasjoki (1945), but 
quantitatively our results are much higher. They also seem high compared with 
those for sublittoral meiofaunas from other parts of the world (Gerlach 1971). How- 
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ever, great methodological differences between these investigations prevent our 
drawing any definite conclusions from this. 
In one respect the Baltic seems to be unique. We know of no other area where 
ostracods play such a dominant role in mud bottom communities. This might per-
haps be attributed to the salinity stress in the Baltic, which has excluded many macro-
fauna species, leaving niches to be filled by an unusual development of the ostracods. 
Finally, let us consider what conclusions of special interest for future production 
studies can be drawn from our survey. Only four macrofauna species, Mjtilzrs edolis, 
Macozmi baltica, Pontoporeia affinis and P. femorata, are of great quantitative impor-
tance in our area. These are the species which require intensive production studies. 
Such studies, by means of cohort growth analysis, are already under way at the Askö 
Laboratory. Meiofauna samples are of considerable importance in these studies, 
since the young stages of all these animals pass through a 1-mm sieve. 
If the temporary meiofauna is excepted, the most important two groups in the 
meiofauna are clearly the ostracods and the nematodes. For the area as a whole, 
the macrofauna is clearly more important than the meiofauna on sand and mixed 
bottoms, while on mud bottoms it is not improbable that meiofauna production 
may in fact exceed macrofauna production. 
Our survey thus shows that, owing to the low number of dominant taxa, the 
northern Baltic is a very suitable area for attempts to estimate the production of the 
entire benthic fauna. However, such attempts can only be successful if both the 
macro- and meiofauna are taken into account. 
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BENTHIC MEIOFAUNA AS INDICATOR OF OXYGEN 
CONDITIONS IN THE NORTHERN BALTIC PROPER 
R. Elmgren 
Department of Zoology and the Askö Laboratory, University of Stockholm, Box 6801, 
S-113 86 Stockholm, Sweden 
The benthic meiofauna below about 45 m in the Askö-Landsort area was 
sampled four times in 1970-1972. The results are discussed in the light of 
oxygen values from the Landsort Deep. A clear and consistent zonation of the 
meiofauna was found. In an upper zone of continuously high oxygen content, a 
diverse and abundant meiofauna of relatively high biomass occurs. In an inter-
mediate zone, the oxygen values fluctuate greatly, owing to oscillations of the 
primary halocline. As the mean oxygen content decreases gradually with depth, 
several taxa disappear successively from the meiofauna and intermediate to low 
biomasses result. In a lower zone of continuously low oxygen values, the meio-
fauna is extremely impoverished, consisting of very low numbers of nematodes. 
Four samples taken from the Gothland and Fårö Deeps in 1972 fall within 
this lower, impoverished zone. A slow, gradual recolonization of the interme-
diate zone has taken place during 1971 and 1972, without disturbing the 
general picture. 
The meiofauna is thus clearly a very useful indicator of the oxygen con-
ditions integrated over a period of time, since: 
1. It extends deeper into the oxygen-poor zone than the macrofauna, and can 
thus show differences between depths and stations totally devoid of macrofauna. 
2. It contains more species, so that a more detailed picture is obtained. 
3. It contains the small, newly settled young stages of several macrofauna 
animals, which are not retained on a 1-mm sieve. 
4. Collection of samples on shipboard is relatively fast and reliable. 
During the last decade considerable attention has been aroused by reports of 
oxygen deficiency and hydrogen sulphide accumulation in the deep basins of the 
Baltic (summarized in Jansson 1972). Over large bottom areas all macroscopic 
life has been exterminated (Shurin 1964, Zmudzinski 1971). However, almost nothing 
has been published concerning the meiofauna of these bottoms, the one exception 
being the report of Leppäkoski (1969), who found relatively small numbers of 
nematodes, and nothing else, in areas of the Bornholm basin that were totally de-
void of macrofauna. 
The investigation reported here had a twofold purpose: firstly to throw some light 
on the state of meiofauna populations in the deeper parts of the northern Baltic 
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proper, and secondly, to evaluate the possibility of using meiofauna samples for 
monitoring the estate-of-health» of the intermittently anoxic deeper bottoms of the 
Baltic. 
MATERIAL AND METHODS 
Samples were obtained from muddy bottoms at depths of 45 to 135 m in the Askö-Landsort area 
(Fig. 1). Sampling has been performed twice a year, in late spring and autumn, since October 1970. 
The results up to May 1972 are presented here. The samples were taken from RV Eystrasalt, at the 
same time and stations as regular macrofauna monitoring samples for the Swedish Environment 
Protection Board. 
The first set of samples was taken with a Zullig corer and are of mainly qualitative interest. 
Later samples were taken with a small gravity corer (also used by Ankar and Elmgren 1973). As in 
all gravity core samples, the meiofauna is presumably under-represented, but the values should be 
valid for comparative purposes. A further four samples from the Gothland and Fårö Deeps (Fig. 1, 
Table 2) were taken from RV Aranda in the summer of 1972, using a Niemistö core sampler (Nie-
mistö 1969). 
The cores, which were always at least 5 cm long, were preserved-in 10 °,ö hexamine-buffered 
formalin, with rose bengal added to stain the animals. The treatment of the samples varied somewhat, 
but not in ways likely to influence the results significantly. The description below applies to the 
1972 samples, which were given the most thorough examination. 
Before counting, the cores from each station were divided into random groups of three, mixed, 
decanted and subsampled in a sample splitter (according to Elmgren 1973). The subsamples were 
passed through 100-,um mesh and 40-,um microplate sieves. The entire heavy residue, and both 
fractions of the subsamples were examined with a scanning microscope (as used by McIntyre and 
Munson, in Uhlig el al. 1973). By meiofauna is meant all the Metazoa and Foraminifera that pass 
through a 1-mm sieve, but are retained on a 40-,um microplate sieve. 
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Fig. 1. Map of the study area, showing sampling stations. Small figures 
show depth of station in metres in 1972. 
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The biomass estimates are wet weight and were made as in Ankar and Elmgren (1973). The 
macrofauna was collected with a 0.1-m2 van Veen grab. 
The oxygen values from the Landsort Deep were compiled from Nehring and Francke (1971 a, b), 
from the reports of the Swedish Fishery Board (Anon. 1970 a, b, 1971 a, b, 1972 a, b, and unpublished) 
and from the reports of the Swedish Metereological and Hydrological Institute (Ehlin 1972 and 
monthly reports for 1972-1973); the Gothland and Fårö Deep values were obtained from L. Nie-
inistö (pars. e comm.). 
From May 1971 onwards the same stations were relocated each year, using the Decca Navigation 
system. Relocation was not exact, however, and the results should be considered representative 
of a certain depth range and bottom type, rather than of exactly the same bottom area. 
OXYGEN CONDITIONS 
The oxygen conditions in the Landsort Deep during the period 1969—February 
1973 are summarized in Fig. 2. In an upper zone, down to a depth of about 50 m, 
oxygen conditions were good all the time. In an intermediate zone, at about 60 
to SO m, i.e. around the primary halocline, the mean oxygen content decreased 
sharply, but the values fluctuated widely. In a lower zone, below about 80 m, the 
oxygen content was always very low. In the intermediate zone samples taken just 
a few days apart can show entirely different oxygen contents. This means that a few 
samples a year are far from sufficient for monitoring the oxygen conditions around 
the halocline, and is also the reason for using oxygen values from the Landsort 
Deep for this discussion. The oxygen measurements made at the time of sampling, 
though in general agreement with the values from the Landsort Deep, were too few 
to give reliable estimates of either the mean oxygen content or its variability. Pro-
bably both interval waves (Gieskes & Grasshoff 1969) and the interaction of wind 
and bottom topography (Ehlin 1969) play their part in these large, rapid fluctuations. 
RESULTS 
The general picture obtained was the same at all the sampling times (Fig. 2 and Table 
1). At depths of 45-50 m, the meiofauna is very well developed, with a high biomass, 
a high abundance and a rich assortment of taxa. It is in no way impoverished, com-
pared with shallower bottoms in the same area (Ankar & Elmgren 1974). Then, 
from about 50 m down, there is a gradual diminution in the number of taxa present, 
as well as in the biomass and, starting a little deeper, in the abundance. At depths 
greater than 100 m the meiofauna is extremely impoverished, consisting of very 
low numbers of nematodes, and almost nothing else. 
The nematodes are the last group to show normal abundance figures and one 
small group among them, the Desmoscolecida, is in fact more abundant in the 
intermediate zone than in the upper zone. 
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Fig. 2. To the left, oxygen conditions and average salinity in the Landsort Deep, 1969 — February 
1973. To the right, number of taxa and biomass of macro- and meiofauna in May 1972. (Macrofauna 
values from Hans Cederwall, pers. comm.) 
TABLE 1. Meiofauna in the Ashö-Landsort area. Abundance in 103 ind m -0, biomass in g m -2. 
The increase in the number of taxa found is to some extent due to the larger material examined in 
May 1972. 
Depth, m May 1971 I November 1971 I 	May 1972 
(spprop.) Abun- Bio- Number Abun- Bio- Number Abundance Biomass Nem.har 
dance mass 	I of rasa dance miss 	I of rasa I of 	,5:s:5 
45 	........... 2 355 3.1 7 2 958 i 3.1 12 — — 
48 	........... 7 878 5.4 10 5 680 I 5.9 10 3299± 61216.6 +1.9 13 
59 . 3 817 1.5 4 3 826 2.8 11 7 602+1 245 4.9 	+1.4 22 
70 	 . 3 557 1.6 4 3 724 1.6 5 4 260± 394 2.1 	±0.3 18 
82 	........... 504 0.2 1 3 452 1.1 5 872± 143 0.09 ±0.05 7 
132 	........... 49 0.03 1  24 0.01 1 ZSf 9j0.01f 0.01 ; 	1 
The biomass estimates show values around 4-6 g m-2 in the upper zone. In the inter-
mediate zone they decline steadily, roughly in proportion to the decline in mean 
oxygen content, and in the continuously oxygen-poor lower zone they are very 
low, around 0.01 g m -2 (Fig. 2). In the upper zone most of the biomass is contrib-
uted by the ostracods, but they are one of the first groups to disappear in the inter-
mediate zone. When this happens, the nematodes gain in importance, and are soon 
overwhelmingly dominant. At all stations, except the deepest, the temporary meio-
fauna makes a significant contribution to the biomass. 
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During the investigation period, there was a tendency for both the abundances 
and biomasses (Table 1) to increase in the intermediate zone, but the clearest evi-
dence of temporal change was the downward extension of the lower limit of occur-
rence of several meiofauna taxa between May 1971 and May 1972 (Table 1). 
The four samples from the Gothland and Fårö Deeps (Table 2) all come from the 
lower, oxygen-poor zone, and in fact the water above the bottom at the Fårö Deep 
station (BY-20) contained HS when sampled. The fauna consisted mostly of nema-
todes in low abundance, but a single harpacticoid and two mussel larvae were also 
found. 
TABLE 2. DZeiofauna in the deep basins of the eastern Baltic on 31 June and 1 July 1972. Sampling 
area 19.6 cm2. 
(scc 	Fig. 	]) 
D~p,h, m 
BY-11 
197 
BY-15 
206 
BY-15 
c. 200 
BY-20 
200 
Mciofauna x 103 ind m 
Nematoda 	........................... 9 17 	2 	0.5 
Copepoda 	............................ — — 0.5 - 
Bivalvia, 	larvae 	........... 	.. 	.. 0.5 — 	 — 	0.5 
Total 	................................ 10 17 3 1 
Oxygen 	concentration 	of bottom water, 
°ö 	of 	saturation 	.................... 5 29 	— 	i 	0 
DISCUSSION 
The oxygen-dependent zonation of meiofauna populations in the Baltic is very 
similar to that described by Bacescu (1963) for the BIack Sea. The similarity also 
extends to some details, such as the greater abundance of the Desmoscolecida in 
the intermediate zone, corresponding roughly to »l'etage periazoique» of Bacescu. 
Apart from the occurrence of a few nematodes, the lower oxygen-poor zone cor-
responds to his » etage azoique». The macrofauna zonation in the Baltic is also very 
similar to that in the Black Sea (Bacescu 1963). Thus, today the deeper basins of 
the northern Baltic have reached, for all practical purposes, the same azoic stage 
as the Black Sea below about 200 m. Leppäkoski's (1969) results from the Born-
holm basin agree very well with this zonation, and suggest its possible applica-
bility to the southern Baltic as well. 
The question of the suitability of the meiofauna for monitoring purposes re-
quires further discussion. It might be asked why oxygen cannot be monitored by 
direct measurement, rather than indirectly with indicator organisms. There are two 
good reasons for this. Firstly, oxygen values around the halocline fluctuate greatly 
(Fig. 2), and direct measurements therefore necessitate much more frequent sampling. 
Secondly, as ecologists we are mainly interested in the oxygen values on account of 
their influence on the organisms, and although the mean oxygen concentration may 
be sufficient, we may miss a relatively short period of extremely low concentrations. 
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Benthic organisms are continuously exposed to the bottom water, and thus show the 
effect of the oxygen conditions integrated over a period of time. 
The question then arises what benthic organisms should be sampled. Since 
protists are mostly very difficult to study, we are left with two possibilities: the 
macrofauna or the meiofauna. 
Many considerations point to the meiofauna as the most suitable single choice 
for the Baltic. It extends deeper into the oxygen-poor zone, and can thus show 
differences between depths and stations totally devoid of macrofauna. It contains 
a much larger number of species, thus giving a more detailed picture. This is true 
even if nematodes are not determined to species. The different meiofauna groups 
show a wide range of responses to poor oxygen conditions. The ostracods seem very 
susceptible, and have long intervals between generations and low rates of reinvasion. 
The harpacticoids, while rather sensitive, are also very active swimmers, with fairly 
short intervals between generatios. The nematodes are extremely hardy, and some 
have short intervals between generations. Furthermore, many macrofauna animals 
start their benthic lives as members of the meiofauna. They may even be killed off by 
renewed anoxia before reaching macrofauna size, which at these depths takes a consider-
able time, e.g. about 4 years in Macoma baltica (Segerstråle 1961). Moreover, the 
meiofauna usually constitutes the bulk of the metazoan biomass in most of the 
intermediate zone. Finally, there is the practical consideration that collection of 
meiofauna samples on shipboard is relatively fast and reliable, especially since sediment 
cores can be preserved whole. 
In my opinion, monitoring is clearly best performed by taking both macro-
and meiofauna samples, but meiofauna samples alone will still give a good picture 
of conditions, while the sampling of the macrofauna will yield little information 
beyond whether it is present, and is of limited value. 
In the northern Baltic proper, meiofauna communities show a clear and distinct 
zonation, brought about by the oxygen conditions: 
1. An upper zone of continuously high oxygen content extending down to 
about 50 m, where the meiofauna is rich and diverse. 
2. An intermediate zone, around the primary halocline, where the mean oxygen 
values decrease with depth and strong fluctuations occur. Several taxa disappear 
successively from the meiofauna. Only nematodes remain abundant throughout 
the zone. 
3. A lower, continuously oxygen-poor zone, with an extremely impoverished 
meiofauna, consisting of a few nematodes only. This zonation makes the meiofauna 
in the Baltic the best indicator available of bottom oxygen conditions, integrated 
over a period of time. 
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REMARKS ON INDICATOR ORGANISMS (MEIOFAUNA) 
IN THE COASTAL WATERS OF THE GDR 
Gunter Arlt 
Department for Marine and Fishery Biology, Biological Section, University of Rostock, 
Rostock, GDR — 25 
The influence of sewage on the qualitative and quantitative composition of the 
meiofauna was investigated on the basis of a number of unscreened live sediment 
samples taken from three stations in the eulittoral of the Greifswalder Bodden. 
Although all three localities were largely similar with respect to sediment 
quality, vegetation, degree of exposure, depth of water and salinity, there were 
noticeably differences between the sampling areas polluted by sewage and 
those which were free of pollution. An increase in the abundances of Paranis 
liforalis Muller (Oligoch.) and 1Vitocra spiniper Boeck (Harp.) and a decrease 
in the numbers of Aniphichaeca sannio Kallsfenius (Oligoch.) and Tachidih. 
di.stipe.r Giesbrecht (Harp.) were noticed as the pollution increased. 
The practical value of indicator organisms for the classification of the 
waters in shallow inlets and their degree of pollution is briefly discussed with 
reference to the effort required to measure physical and chemical parameters. 
At present, animals regarded as indicator organisms are mainly those providing 
information on the degree of pollution of a certain area by their abnormally high 
abundance or their absence. Tulkki (1968) regards Capitella capitata (0. Fabricius) 
and Polydora ciliata (Johnston) as cosmopolitan indicator species, since they are 
frequently found in huge numbers in polluted sea areas, — and also mentions a 
harpacticoid, Paramphiascopsis longirosiris (Claus), observed in very large numbers 
in a polluted dock basin. Swedmark (1966) and Tulkki (1968, 1969) name Macoma 
ballica (L.), Nerds diversicolor 0. F. Muller and Cardium lamarcki Reeve as indicators 
of polluted waters off the Baltic coasts of Sweden and Finland. The latter author 
-also lists a number of species which avoid areas affected by sewage. Laakso (1965) 
characterizes the polluted areas in the surroundings of Helsinki with animal com-
munities. 
However, the species and communities mentioned by Remane (1940) can also be 
regarded as indicators, since they, too, indicate the presence of certain environmental 
conditions within an area. Indicator organisms are thus not necessarily associated 
-with pollution. So-called indicator species may also be used for demarcating dif-
ferent water masses, as by Bainbridge (1963), for example, who identified water 
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from the North Sea and the Atlantic by means of Sagitta setosa Muller and Sagitta 
elegans Verrill. 
Bottom organisms will generally be most suitable for use as indicator species in 
the waters of the study area, since they are exposed most to changing environmental 
conditions and are not perpetually transported with the frequently renewed water 
masses. 
AREA STUDIED 
The Däniscbe Wick, a bay in the southern part of the Greifswalder Bodden, serves as an outfall area 
for the sewage from the town of Greifswald. The sewage, which is mainly mechanically treated, 
enters the Bodden through three sewers and initially forms a layer above the saline water of the 
Bodden before mixing with it at some distance from the outlet. Schnese (1964) states that the sewage 
imposes a daily load on the Bodden of 450 kg of nitrogen (87 % as dissolved ammonium and 13 % 
in organic compounds), 88 kg of phosphorus (92 % as phosphates and 8 % in organic compounds) 
and 182 kg of silicates. Schnese was unable to find any increase in the N and P values near the shore 
at a distance of about 2 km from the sewage outlet or at a distance of about 200 m from the shore 
directly in front of the outlet. Investigation of the sediment, a few plants and some animals indicated 
an accumulation of nitrogen and phosphorus near the sewage outlet. The formation of a sewage water 
layer above the saline Bodden water leads to considerable vertical differences in the salinity, although 
the water is only 50 cm deep. When the water level is extremely low, the sewage flows undiluted 
over the bottom and destroys the majority of the animals living there. The direction of flow of the 
sewage in the Bodden varies according to the direction of the prevailing wind. The area is lentic 
owing to a sand bank located in front of it, which is occasionally exposed. 
Three stations were set up in areas with varying degrees of pollution and were visited a number 
of times in the course of the growing season. 
Conditions at the stations: 
W 	C. 2 km from the sewage outlet; not affected by the sewage; lentic; station representative 
of conditions in the Greifswalder Bodden area. 
Depth of water: c. 50 cm 
Mean salinity: 6.9 
Sediment: brown, very muddy, sand with algal lawns (diatoms); Potamoge/on in places; 
black from about 1 cm below the surface; H,S; mean grain size: 106 /tm; water content: 
32.1 %; organic matter: 1.6 %. 
KA-30 	C. 30 m in front of the sewage outlet; area in which the water masses generally mix. 
Depth of water: c. 50 cm 
Mean salinity: 6.2°/00 
Sediment: brown, very muddy sand with algal lawns (diatoms); Potamogeton and large 
algae in some places; black from about 1 cm below the surface; H_S; mean grain size: 
156 ,um; water content: 32.1 %; organic matter: 1.72 %. 
KAM 	At the sewage outlet; surrounded by Phragmites. 
Depth of water: 50 cm 
Mean salinity, surface: c. 2 °/00, bottom: c. 5-6 °/00 
Sediment: brown-grey, very muddy sand; black from about 1 cm below the surface; H,S; 
mean grain size: 154 ,rem; water content: 35.6 %; organic matter: 1.64 %. 
35 19913-74 
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MATERIAL AND METHODS 
All samples were taken with a sampling pipette, according to Arlt (1972). The samples were not fixed, 
so that the groups of animals that are frequently too distorted by fixing to be identified could also 
be recorded. Sorting was effected under a stereoscopic microscope (X 25) with the aid of a special 
sorting dish (Arlt 1972), which permits quantitative records of all the live animals contained in a 
sample. The Oligochaeta and Ciliata were included in addition to the typical meiofauna. The in-
formation in this paper refers mainly to three groups, the Oligochaeta, the Ostracoda and the Har-
pacticoida, since not all groups of animals contained in the samples could be identified. 
RESULTS 
The meiofauna consisted mainly of the same groups of animals at all three sta-
tions. The nematodes were dominant both at Station W and in the region of the 
sewage outlet (c. 106 ind./m2 = c. 75 % of the total meiofauna). 
The identification of the component species of the groups would certainly have 
been interesting, but could not be performed for technical-reasons. The Harpacti-
coida, the Oligochaeta and the Ostracoda were also of importance. The Turbel-
laria were relatively abundant (c. 50 000 ind./m2). A particularly highly developed 
microfauna containing relatively high numbers of large Ciliata (Lacrymaria olor 
O. F. Muller, Loxophyllum verzniforme Sauerbrey, Homal000n caudatum Kahl, Tra-
cheloraphis phoenicopterus (Cohn) and a few Trachelocerca species) was also observed 
directly by the mouth of the sewer. 
HARPACTICOIDA (Fig. 1) 
These were most frequent at Station KA-30 (165 210 ind./m'). The species 
found at the three sampling stations differed considerably. Although Tachidius 
discipes Giesbrecht, a very versatile harpacticoid, accounts for 48.5 % of all benthic 
copepods on the detritus-rich sand at Station W, this species was rarely found in 
the area affected by the sewage. Paraleptastacus spinicauda (T. and A. Scott), which 
lives mainly in the interstitial water of sand containing little detritus accounted for 
17.9 % of the benthic copepods at Station W, but was very rare at Stations KA-30 
and KAM. Nitocra spinipes (Boeck), which is very widespread, was the most common 
copepod species by the sewage outfall (KAM) composing 42.3 % of the popu-
lation. Its numbers decreased as the pollution became less severe. This also applied 
to Microarthridion littorale Poppe. This harpacticoid, which inhabits sand containing 
large amounts of detritus, was scarcely to be found at Station W, but accounted 
for 5.4 % of the Harpacticoida at KA-30 and 11.3 % at KAM. Paronychocamptus 
nanus (Sars) was very abundant (122 830 ind./m2 = 74.2 %) at KA-30, but rare at 
Station W, and accounted for 17.9 % of the Copepoda at KAM. The numbers of 
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Huntemannia jadensis Poppe, which usually lives in detritus-rich sand, were low 
at all three stations. Onychoeamptus mohammed (Blanchard & Richard), on the other 
hand, was rarely found at KA-30, but was relatively frequent (8 420 ind./m2) at 
the mouth of the sewer. 
G I, 5 °/o 
W (96260 Ind. /m') SSA- 30 (165 210 Ind./m' ) KAM (88 380 IndJr° ) 
Tachldius discipes 
LjjJjJJJj Microarthrldion ((ttorale 
NItocra spinipes 
< 2j 	Paraleptastacus spin(cauda  
Paronychocamptus nanus 
Onychocamptus mohammed 
Copepodites 
57M Others 
Fig. 1. Abundance of the benthic copepod species at the stations W, KA-30 and 
KAM. 
OSTRACODA (Fig. 2) 
The distribution patterns of the Ostracoda also differed considerably between 
the three stations. The greatest density of individuals (89 070 ind./m") was found 
at Station W, which was not affected by the sewage. The abundance decreased con-
siderably as the pollution increased. The ostracod population densities were 56 280 
ind./m'2 at KA-30 and only 22 070 ind./m2 at KAM. 
The very versatile species Cyprideis litoralis (Brady) occurred relatively frequently 
at all three stations. The number found in the areas polluted by sewage was, however, 
100 % higher than at W. A slight increase in the population density was also found 
in the case of Cytheromorpha fuscata (Brady) as the pollution became more severe. 
Leptocythere lacertosa (Hirschmann), which accounted for 60.2 % of all Ostracoda 
at Station W, accounted for only 20.5 % at station KA-30 and 21.4 % at KAM. 
Similarly to the harpacticoid Paronychocamptus, Cytherura gibba (0. F. Muller) was 
most frequently found at KA-30 (30.8 %), was rare at Station W and accounted 
for 19.1 % of the Ostracoda at KAM. The other ostracod species which occurred 
in the area under investigation showed no particular differences in their colonization 
of the three stations. 
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Fig. 2. Abundance of the ostracod species at the stations W, KA-30 
and KAM. 
OLIGOCHAETA (Fig. 3) 
The abundance of these species clearly increased as their habitat became in-
creasingly polluted. The Cligochaeta population density was 63 160 ind.; m5 at 
Station W. An intermediate population density of 64 160 ind.Jm2 was found at 
KA-30. By far the highest value for the Oligochaeta (115 230 ind./m2) was found 
at KAM. 
Two oligochaete species deserve special mention, i.e. Paranais litoralis Muller 
and Aszpteichaeta. sannio Kalistenius, the distribution patterns of which are apparently 
closely related to the degree of pollution of the water. Both species are relatively 
small and are found very frequently in the Greifswalder Bodden. Their distribution 
I 
16,1% 
j 
W(63 155 nd/m') 
/52,5° 
(LA-30) 6L 185 I nd/ m' ) KAM (115230 (nd. /m' ) 
~= Paranais (Itoralis 	 [®] Pachydrilus lineatus 
I Amphichaeta sannio 	 .,,. ",. 	0t he ro 
Tubifex costatus 
Fig. 3. Abundance of the oligochaete species at the stations W, KA-30 
and KAM. 
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patterns differ considerably. Paranais litoralis constituted only 14.1 % of the oli-
gochaetes at Station W, 36.9 % at KA-30 and 63.5 % at KAM. Amphichaeta sannio 
was found most frequently outside the polluted area (71.5 %). A value of 62.5 % 
was reached at KA-30, whereas this species accounted for only 29.2 % of the 
Oligochaeta by the sewage outfall. There were no significant differences in the 
colonization of the three stations by the remaining Oligochaeta species. 
DISCUSSION 
There are obvious differences between the meiofaunal communities of the three 
stations. The density of the five most frequent species at each station were as follows: 
W 	1. Leptocythere lacertosa (Ostrac.) 	53 600 ind./m2 
2. Tachidius discipes (Harp.) 	 46 680 	» 
3. Amphichaeta sannio (Oligoch.) 	45 140 	» 
4. Turbanella cornuta (Gastrotr.) 40 000 	» 
5. Paraleptastacus spinicauda (Harp.) 	17 270 	» 
KA-30 	1. Paronychocamptus nanus (Harp.) 	122 630 id/m2 
2. Amphichaeta sannio (Oligoch.) 33 680 	» 
3. Paranais litnralis (Oligoch.) 	 33 680 	» 
4. Cyprideis litoralis (Ostrac.) 18 940 	» 
5. Cytherura gibba (Ostrac.) 	 17 360 	» 
KAM 	1. Paranais litoralis (Oligoch.) 	 73 150 id/m2 
2. Nitocra spinipes (Harp.) 37 360 	» 
3. Amphichaeta sannio (Oligoch.) 	33 680 	» 
4. Paronychocamptus nanus (Harp.) 	15 780 	» 
5. Microarthridion littorale (Harp.) 10 000 	» 
The above list shows that the species which occur relatively abundantly differ 
widely with the external conditions. We are led to conclude that the degree of pol-
lution is of decisive importance for the species composition of the meiofauna of 
these three stations, although data on only a few abiotic factors could be recorded 
and the ecological amplitudes of the species concerned have been only briefly studied. 
Since the sediment was largely the same at all three stations, the differences in their 
meiofaunas cannot be attributed to special requirements in respect of the substrate, 
as in the case of the Harpacticoida studied by Noodt (1970) near Tvärminne. 
The oligochaete Paranais litoralis may be regarded as a good indicator of polluted 
brackish water, since it occurred in large numbers mainly in the area affected by the 
sewage. Oliff et al. (1967) also recorded extraordinarily high abundances for this 
species during their investigation of a polluted sand shore in Natal and designated 
these Oligochaeta as indicator organisms. Oligochaeta in general appear to be very 
suitable for use as indicators, as is also evident from Brinkhurst's (1972) obser- 
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vations. The harpacticoid Nitocra spinipes, a species which is very widespread in 
the study area, could possibly also be regarded as an indicator organism, since it 
is found frequently in Darss-Zingst Bodden, which is relatively heavily polluted. 
The mass occurrence of Paro;ychocamptus nanus at KA-30 can possibly be ex-
plained by the succession observed by Tulkki (1969), which indicates that higher 
abundances may occur when pollution is moderate than in either heavily polluted 
or unpolluted areas. 
Tachidius discipes, a harpacticoid which is usually frequently found on sand con-
taining a high proportion of detritus, may also be regarded as a species which can 
indicate a certain degree of pollution by its absence from its otherwise typical en-
vironment. This also applies to the ostracod Leptocythere lacertosa, the harpacticoid 
Paraleptastacus spinicauda and the gastrotrich Turbanella cornuta. All of these species 
require a relatively pure environment; they also require, however, an above-average 
amount of food in their surroundings. 
The question of whether a species is suitable for use as an indicator or not cannot 
be answered solely on the basis of field investigations. The results obtained in the 
field must be backed up by experimental ecological studies in the laboratory (re-
sistance, tolerance). 
The advantage of the indicator species is that they may be used to assess not 
only the abiotic, but also the biotic environmental factors, whereas chemical and 
physical analyses permit precise statements to be made only with respect to the 
abiotic conditions in polluted or unpolluted areas. 
The use of indicator organisms does not, however, make general chemical and 
physical analyses unnecessary. Since numerous chemical and physical parameters 
can be measured automatically, rapid diagnosis by means of indicator species is 
of great, but only secondary importance. 
It is obvious that, with a few exceptions, the species in question can serve as 
indicator organisms only in a restricted geographical area, since the fauna can differ 
considerably with the locality. Despite these disadvantages and limitations, it is 
desirable to identify the largest possible number of species which can assist both 
the biologist and the water authorities in roughly assessing the condition of a certain 
stretch of coastal waters. 
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MACROBENTIIIC FAUNA AS INDICATOR OF 
OCEANIZATION IN THE SOUTHERN BALTIC') 
Erkki Leppälcoski 
Kristineberg Marine Biological Station, S-45034 Fiskebäckskil, Sweden and 
Archipelago Research Institute, University of Turku, SF-20500 Turku 50, Finland 2) 
A study of the macrobenthos in the Bornholm basin, S. Baltic, has provided 
data on the dynamics of the benthic community during a period of recoloni-
zation in 1969-71, subsequent to influxes of oxygen-rich water. Distribution 
of species, zoogeographical elements and feeding types in the soft-bottom 
benthos have been used as indicators of the oceanization of the Baltic. These 
data, compared with the situation before the severe stagnation of the 1950s, 
show that most Arctic relicts have been replaced by Atlantic-boreal and cosmo-
politan species, and suspension feeders by non-selective deposit feeders. The 
characteristics of the short-lived recolonization community are described. The 
short time until oxygen deficiency recurs does not permit succession up to the 
degree of organization normally found in soft-bottom communities. Therefore, 
attention is concentrated on the resemblance between (a) post-stagnation 
recruitment, and (b) recovery from organic pollution. 
Sudden changes in the aquatic environment of the southern Baltic, due to pe-
riodical influxes of Kattegatt water, have made it possible to study the biological 
and zoogeographical interrelationships which determine the quantity and com-
position of the macrobenthos in the Baltic basins. Bottom animals are able to re-
colonize large areas of sea bed when periods of total Iack of oxygen are interrupted 
by more favourable conditions (Leppäkoski 1971). In this area, the a-mesohaline 
zone continues below the halocline far into the Baltic, forming a submerged, although 
very impoverished, eastern extension of the Kattegatt and Belt Sea biocoenoses. 
Both vertically and horizontally, the distribution of these biocoenoses depends 
primarily on salinity conditions. Because of the recent rise in salinity and temperature 
in the Baltic (e.g. Segerstråle 1969, Fonselius 1970, Zmudzinski 1972), many marine 
species have extended to the inner Baltic, or increased in biomass. Temporary marine 
visitors become more frequent and some new immigrants may invade the southern 
1) Contribution No. 4 to the Kristineberg Marine Biological Station studies in the S. Baltic 
(cf. Tulkki 1965, Leppäkoski 1969 and 1971). The work was supported by Swedish Natural Science 
Research Council contracts Nos. 2329-3 and 2329-4. 
2) Present address of the author. 
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Baltic. These biological changes, accompanied by the gradual introduction of more 
marine hydroclimatic conditions, are evidence of the oceanization of the Baltic 
(Zmudzinski 1972). 
HYDROGRAPHY 
In 1968, the deep Baltic basins were stagnant and H,S was generally observed in the bottom water. 
In the western Baltic, this stagnation was broken by an influx of oxygen-rich water in December 
1968. In late January 1969, about 30 km3 of Kattegatt water (20 °/ 0° S) were forced into the Baltic. 
The bottom water of the Bornholm basin was renewed one month later and reached a maximum sa-
linity of 17.6 °/0° in March 1969 (Nehring & Francke 1971). A new influx took place during early 
spring 1970. From November 1968, until July 1970, 1 ml 09/1 was measured below 80 m. The level 
of oxygen was exceptionally high in March and April-June 1969 (6 ml/1) and March 1970 (4 ml/1). 
By the end of 1970, stagnation had begun again and the 1 ml/1 level of oxygen lay at about 80 m. 
For detailed hydrographical data, see e.g. Fonselius (1970), Francke and Nehring (1971) and Nehring 
and Francke (1971). 
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MATERIAL AND METHODS 
The benthos stations (Fig. 1) were visited seven times during the period 1968 71. Three samples 
were taken at each station with a 0.1-m'- Smith-McIntyre grab and passed through a 1-mm sieve 
(actual mesh 0.85 mm). In the laboratory, the animals were stained with rosa bengal and picked out 
under a stereomicroscope. The biomass values are the wet weights of formalin-preserved material 
dried with filter paper. An Ockelmann-type bottom sledge was used for qualitative sampling at each 
station. 
COMPOSITION OF THE BOTTOM FAUNA 
The maximum number of specimens was recorded in April 1970, whereas the 
number of species and the biomass reached a maximum value in September (Fig. 1). 
In addition to the usual benthic species of the area (see Table 1), several more recent 
immigrants may be noted. These species, e.g. Pholoe minuta, Nepht is ciliata, Trocho-
chaeta multisetosa, Capitella capitata and Heteromastus frhformis, are known as indi-
cators of changed conditions in both the Arkona and Bornholm basins; many of 
them have not been recorded earlier so far east in the Baltic (Leppäkoski 1969 and 
1971, Zmudzinski 1972). 
Z o o g e o g r a p h y. On the basis of classifications made by Ushakov (1955), 
Löwe (1963), Lukshenas (1967 and 1969), and Hartmann-Schröder (1971), the 
benthic species found in the Bornholm basin were allocated to four zoogeographical 
groups (Table 1), Arctic, low Arctic-boreal, Atlantic-boreal, and cosmopolitan, con-
forming to Lukshenas' (1967) definitions. In 1951-52, the Arctic element clearly 
dominated below 85 m (Fig. 2), this depth forming a boundary between the Arctic 
relict community and the zoogeographically more heterogeneous Macoma baltica 
community, typical of most of the Baltic Sea. In April 1970, cosmopolitan species 
comprised more than 90 % of the total density below 75-82 m. Species of Arctic 
origin were restricted to marginal areas of the basin but their dominance had also 
decreased in the 60-75 m zone. These changes also indicate a general transition 
from cold stenothermal to more eurythermal species. During both the periods 
compared (1951-52 and 1969-71), there was a definite Atlantic-boreal element 
in the Bornholm basin benthos, whereas the low Arctic-boreal element was of minor 
importance. A decrease in quantity or total disappearance of postglacial relict bi-
valves has been observed in several parts of the S. Baltic since the early 1960's (Tulkki 
1965, Schulz 1968 and 1970, Leppäkoski 1969, v. Oertzen 1969, and Zmudzinski 
1969). 
F e e d i n g t y p e s. The information available on the feeding habits of marine 
benthic invertebrates is often inconsistent. Several species are known to use more 
than one source of food. However, it is generally possible to decide to what extent 
food is obtained from (1) the sediment itself, (2) the mud-water interface, or (3) 
from the free, bottom water layer. On this basis, the macrobenthos of the Born- 
283 
1951 
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Fig. 2. Distribution of zoogeographical ele- 
1970 	ments in the Bornholm basin benthos as per- 
Apri I 	centage of total density in 1951-52 (from data 
of Demel & Mulicki 1954) and in April 1970. 
Symbols: 1 = cosmopolitan, 2 = Atlantic-
boreal, 3 = low Arctic-boreal, and 4 = Arctic. 
Cf. Table 1. 
holm basin was divided into five groups: (D) non-selective deposit feeders, (SD) 
selective deposit feeders, (F) suspension feeders, (H) herbivorous scrapers and (C) 
carnivores (Kusnetzov 1964, Bagge 1969, Lukshenas 1969, Schulz 1969, and Hart-
mann-Schröder 1971). 
The bathymetric distribution of the feeding types in the Bornholm basin benthos 
in 1951-52 and 1969-71 is compared in the following tabulation, which includes 
all the stations sampled by Demel and Mulicki (1954) in the Bornholm area; the data 
from 15-60 m (1969/71) are from Nordenberg and Persson (1971): 
Depth 
zone 
- 
Investigation 
Percentage of total density 
m period  SD F 	H 	C 
15-40 1951/52 2 13 81 	4 	+ 
1969/71 11 34 53 	1 	1 
40-60 1951/52 6 17 73 	1 	3 
1969/71 14 49 31 	— 	6 
60-80 1951/52 36 15 47 	— 	2 
1969/71 81 8 7 	— 	4 
> 80 1951/52 32 10 50 	— 	9 
1969/71 88 4 1 	— 	8 
The dominance of suspension feeders had decreased markedly in all depth zones 
since 1951-52. In the Baltic deep water layer (above 60 m) they were replaced by 
selective deposit feeders. The more saline areas of renewed bottom water below 
the halocline were inhabited predominantly by deposit-swallowing species during 
recolonization. Carnivores had a rather uniform bathymetric distribution; they 
never comprised more than c. 9 % of the total fauna. 
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RECOLONIZATION COMMUNITY 
As shown above, the composition of the newly established benthic faunal as-
semblage showed little similarity to that of the 1951-52 period. The deep basin 
fauna also differed almost totally from that of areas above the halocline (Fig. 2). 
On the other hand, the faunal affinity was very high between stations deeper than 
75 m: the mean affinity value lay at about 90 % (Fig. 3), whereas it did not exceed 40-
50 % above 40 m in the Hanö Bight (Nordenberg & Persson 1971). 
The species composition of the deep basin macrobenthic community found in 
1969-1971 is shown in Table 1. 
Name: Scoloplos community 
Character species (cf. Thorson 1957): 1st order, Scoloplos arsniger, 2nd order, Harinothoe 
sarsi and Trochochaeta multisetosa. 
Number of species: 4-10/station (x 6.5; n = 14). Density: 450-2 800 ind./m2 
(X 1 180; n samples = 42). Biomass: 2.2-17.4 g/m' (x 8.9; n samples - 42). 
General characteristics: Dominance of polychaetes (98 % of all individuals colIected), 
cosmopolitan (>90 %) and non-selective deposit-feeding (88 %) species. 
Locality: Bornholm basin, depth 75-100 m. April and September 1970. S 15-17 °/oo, 
O 0.2-2.5 mI/I, t 3.0-7.5° C. Brownish-black soft clayey ooze. 
TABLE 1. Ranking table of species in the Scoloplos community in the Bornholm basin below 75 m 
in April and September 1970 (Sts. 213, 212, 133, 134, 115, 135, and 136; cf. Fig. 1). 
- Total number of grab samples = 42. 
Feeding types: C = carnivore, D = non-selective deposit feeder, F = suspension feeder, 
SD = selective deposit feeder. Zoogeographic groups: A = Arctic, AB = Atlantic-
boreal, K = cosmopolitan, LA = low Arctic-boreal. 
Rank 
by 
fre- 
quency 
Species Fre- 
quen- 
cy 
% 
Density 
id/m' 
% Biomass 
g/m"- as 
.0  
2 t. 
å 
5 
mean 	mas, mean I 	mas. (t N ta cc 
1 Scoloplos armiger 	........ 100 1 028 2 600 87.4 7.50 1o.3 84.2 D K 
2 Harmothoe sarsi .......... 95 79 260 6.7 0.95 3.4 10.7 C LA 
3 Trochochaeta multisetosa .. 62 24 110 2.0 0.15 0.7 1.6 SD AB 
4 Heteromastus filiformis ... 45 19 87 1.6 0.15 1.4 1.6 D K 
5 Macoma sp. juv........... 33 9 43 < 1 0.02 < 0.1 < 1 SD - 
6 Capitella 	capitata 	......... 26 4 13 0.02 . D K 
7 Diastylis rathkei 	.......... 17 4 27 0.01 • • F AB 
8 Priapulus caudatus ........ 17 2 10 : 0.09 1.2 D A 
9 Nephtys ciliata 	........... 14 2 7 0.01 <0.1 C LA 
10 Pontoporeia femorata .... 12 1 10 : <0.01 : : SD A 
11 Pholoe minuta 	........... 10 1 10 . C LA 
12 Halicryptus spinulosus 	... 5 < 1 3 . D A 
13 Nemertinea 	sp. 	.......... 2 3 : C AB? 
14 Terebellides stroemi 	..... 2 3 : SD K 
The following species were found above 75 m only: Aricidea suecica (D, LA), Pjgospio elegan 
(SD, AB), Mesidotea en/onion (C, A), Matorm calcarea (SD, A), M. ballica (SD, AB), and Astarte 
borealis (F, A). 
Depth st. = N :2 
m 
38 	1 1 
41 12 
42 16 
4s 15 
d7 13 
50 14 
58 	17 
72 215 
80 213 
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75 136 
63 137 
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Fig. 3. Faunal affinity percentages between pairs of stations compared (Sanders 1960) in the Bornholm 
basin, April—June 1970. Sts. 11-17 are from Nordenberg & Pcrsson (1971). 
DISCUSSION 
In the Bornhom basin, c. 5 000 lime of sea bed, totally bare of macrobenthic 
production in 1968, were quickly repopulated by a low-diversity fauna when a new 
interstagnation period began. The benthic assemblage, the quantitative and repro-
ductive aspects of which have been discussed in an earlier paper (Leppäkoski 1971), 
did not exceed the age of two years. During the first phase of repopulation, both 
space and food resources were unlimited and the abundances of the few species 
present were determined mainly by their rates of population increase. The Scoloplos 
community consisted predominantly of species which, in the S. Baltic, may be re-
garded as opportunists, as opposedto equilibrium species (Mac-
Arthur 1960). Opportunistic species are common and explosively numerous when 
environmental conditions have been favourable for some time; their populations 
are unstable and may be exterminated very rapidly (Levinton 1970). During the 
short time available, most species apparently formed »pseudopopulations» only, 
being incapable of self-reproduction. Their populations hardly succeeded in modi-
fying the environment to make it hospitable for a variety of, e.a., suspension-feeding 
species, as in the succession observed by Rosenberg (1972 and 1973) in previously 
badly polluted parts of the Gullmar fjord, W. coast of Sweden. 
In the Bornholm basin, non-selective deposit feeders predominate during inter-
stagnations. This is further evidence of the pioneer character of the Scoloplos com-
munity. Initial colonization by deposit-feeding species has also been observed during 
recovery from heavy organic pollution (Rosenberg 1971 and 1972). In anoxic basins 
and azoic areas near organic waste outlets, where large amounts of organic matter 
are deposited in the sediment, biogenic reworking of bottom material by the macro-
fauna is discontinued for a long time. Microbial breakdown and meiofaunal activity 
also continue in anoxic sediments: nematodes were also found during the severe 
H2S poisoning of the Bornholm basin in 1968 (Leppäkoski 1969). As soon as this 
kind of habitat is opened again, e.g. through an influx of oxygen-rich water, which 
also introduces slightly oceanized conditions, eggs, larvae and juveniles of the benthic 
macrofauna quickly invade the formerly unoccupied areas. It seems likely that 
deposit-feeding species find their optimal conditions here. 
Many features typical of the Bornholm basin benthic ecology during the re-
peated short interstagnations, such as (1) physical and chemical instability, (2) low 
benthic diversity, (3) presence of opportunistic species, and (4) lack of succession 
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to higher levels of community organization, agree well with the stability-time hypo-
thesis of Sanders (1968): the degree of diversity and biotic stability are directly 
dependent upon the age and stability of the habitat. The newly opened habitats 
offer, for a short period, favourable conditions for a predominantly physically con-
trolled community, which consists of the most successful colonists available either 
in the inflowivg water masses or in populations constantly living above the upper 
limit of H2S poisoning. 
Fig. 4 gives a schematic representation of the main changes in the Bornholm 
basin benthos during c. 20 years. Owing to the oceanization and, apparently, to the 
overall effects of the eutrophication of the Baltic, the Bornholm basin has lost its 
most fascinating biological peculiarity, namely that of offering hospitable conditions 
for the marine glacial relicts, and, thereby, also its close zoogeographical connection 
with Arctic shallow-water biomes. At present, the basin is linked with boreal areas 
by the most euryhaline representatives of the Atlantic soft-bottom fauna. From the 
benthological point of view, the degree of oceanization of the Baltic Sea is much 
higher than what a salinity increase of about 1 0/ 00 might indicate to a hydrographer. 
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EFFECTS OF A SULPHATE PULP MILL ON THE BENTHIC 
MACROFAUNA IN A FIRTH OF THE BOTHNIAN SEA 
Rutger Rosenbergs, Kristina Nilsson' and Lars Landner2 
Swedish Water and Air Pollution Research Laboratory, 1S-402 24 Gothenburg, Sweden 
2S-114 86 Stockholm, Sweden 
Nätrafjärden, a firth in the Bothnian Sca, receives a yearly discharge of organic 
wastes from a sulphate pulp mill equivalent to about 8 000 tons BOD;. The 
firth is covered with ice for about 4 months every year and the salinity below 
a depth of 10 m is 5-6 °/oo. The organic wastes were transported in the surface 
water and oxygen depletion was not observed during the investigation period 
1969-72. 
The benthic macrofauna was sampled at 32 stations (depth 5-57 m), 
12 of which were azoic, comprising an area of about 1 km 5. Four communities 
were distinguished with respect to depth and pollution. The most frequently 
found species were Po loporera a Fein, N[acora ballisa and ikleridotbea ensauran, 
of which the two latter were most tolerant of pollution. Shell growth of Macoma 
and recruitment of Pon/oporcia were reduced in polluted areas. Comparisons 
are made with the fauna of other polluted areas. 
The sulphate pulp mill at Köpmanholmen discharges its waste waters to the 
inner parts of Nätrafjdrden situated in the Bothnian Sea (Fig. 1). The amount of 
organic wastes from the pulp mill, equivalent to about 8 000 tons BOD 7 year -' 
in 1972, constitutes about 2 % of the total BOD contribution to the Bothnian Sea 
(Dybern 1971). The subject of this investigation was the effects of the waste water 
on the aquatic environment, especially the benthic macrofauna. The effects of pulp 
and paper mill effluents on brackish water benthic communities have so far been 
studied comparatively seldom, in spite of the great number of mills around the Baltic. 
This study was initiated in September 1969 and continued in September 1970, 
_april and November 1971 and at the end of August 1972. 
SOURCES AND DISTRIBUTION OF WASTES 
Nätrafjärden received waste water from a sulphite mill from 1906 to 1963, when the mill closed down. 
A sulphate pulp mill was built in 1930, which is still discharging its effluents (mainly organic matter 
.n.nd chlorinated lignins) into the surface water of the firth. The sulphate pulp mill produced about 
130 000 tons bleached sulphate pulp in 1972. By-products of the mill are tall oil and sulphuric acid. 
In 1964 a chloralkali plant was built in the same area with a discharge of metallic mercury of less 
than 5 kg year 1  (1970). 
:37 19013-74 
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The direction of the main current off the western coast of the Bothnian Sea is southern. Bruneatz 
(1953, 1956) found that the main part of the wastes spread southwards in the surface water. We 
recorded the same dispersion pattern in 1969-1971. 
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Fig. 2. Organic carbon (open circles; % dry weight) in the upper 0-2 cm 
of the sediment, and average sediment volume (litres; filled circles) with 
standard errors. — Smith-McIntyre bottom sampler (70 kg) 
MATERIAL AND METHODS 
Physical and chemical parameters were determined as follows: chlorinity with an EEL-chloride 
meter and conversion to salinity; pH potentiometrically; dissolved oxygen by the Winkler method; 
biochemical oxygen demand (BOD) after seven days in darkness at 20° C; KMnO4-consumption 
291 
after boiling in alkaline solution for 20 min; organic carbon of the surface sediment as CO. after 
combustion in a high frequency furnace; particle-size analysis with a mechanical sieve shaker followed 
by sedimentation analysis of the smaller size fraction. 
In 1969-71 bottom sampling was performed with a 0.02-m2 Ekman grab and a screen with a 
mesh of 0.6 mm. In 1972 a 0.1-m2 Smith-McIntyre bottom sampler (weight 70 kg) was introduced 
and the sieving residue was preserved in 70 % ethanol. Three samples were taken at each station where 
possible. At stations 19 and 27 two samples were obtained and one sample at the hard-bottom 
stations 23 and 24. The sample volumes were measured in a graded container (Fig. 2). The wet 
weights of the animals were estimated after blotting on filter paper. Thirty specimens of Macorna 
baltica were weighed together with their shells and these weights (y) were plotted against their shell 
lengths (z). The correlation between these values was 0.98 and the following linear regression was 
obtained: log y = 2.98 x log --0.86. The shell lenghts of the bivalves and the body lengths of 
slightly bent preserved Ponloporeia affi ris were measured with a sliding caliper to the nearest 0.1 mm 
and the shell lengths were ordered in groups of 0.5-1.4, 1.5-2.4 mm, sic. (see Fig. 5). The oli-
gochaetes were determined by G. Milbrink, Institute of Fresh Water Research, Drottningholm. 
The index of affinity was calculated as follows: The percentages of the total number of specimens 
belonging to each species were calculated. Pairs of stations were compared and the smaller percentage 
value of each species yvas used as a common value, if the same species was found at both stations. 
The sum of the species values is the percentage affinity between station couples and it will approach 
100 the more similar the faunal composition is. 
PHYSICO-CHEMICAL ENVIRONMENT 
In Nätrafjärden the ice cover usually lasts for over 4 months, from late December until the end of 
April and a strong halocline generally develops under the ice. The summer temperature of the 
surface water was 9.7-15.1° C and that of the bottom water 1.4-3.4° C. In April temperatures 
below 1° C were recorded. 
The firth receives fresh water (pH 6.4-7.0) from the small river Nätraän, which has an estimated 
average discharge of 10 m' s"1. The pH of the surface water in the firth was 6.5-8.1 and that of the 
bottom water 7.3-7.7. During the autumn the surface salinity was about 4.4-4.9 0/ oo. A salinity 
of 5 °/oo was usually reached at 10 m depth, and in the bottom water salinities of 5.5-6.4 °/oo were 
recorded. 
In late summer high values were recorded for organic wastes (BOD,: 12-14 mg fl; KMnO4 -
consumption 80-130 mg 1 1) in the surface water in the innermost part of the firth. In April 1971 
higher concentrations of such wastes (BOD I: 18-24; KMnO4: 130-170 mg 1-r) were found just 
below the ice cover over an area extending more than 5 km from the discharge point. The con-
centrations of oxygen-consuming material were lower in the bottom water (BOD ;: < 3.0; KMnO4: 
< 20 mg 1-1). In late summer the oxygen concentration did not decrease below 60 °, ö of saturation in 
the bottom water. In April 1971 the oxygen concentration was low (12-60 % of saturation) in the 
surface water, but comparatively high in the bottom water (78-90 %). 
High contents of organic carbon were found in the sediments close to the discharge point (Fig. 2), 
where no macrofauna was found. At most stations the bottom sediments consisted of silt and sand 
with a median particle diameter of less than 0.12 mm. 
1BENTHIC MACROFAUNA 
In August 1972 32 stations were sampled in Nätrafjärden and one (station 24) 
outside that area (Fig. 1). The depths at these stations were 5-57 m and more than 
15 000 specimens were collected (Table 1). No macrofauna was found at the 12 
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TABLE 1. Macrofaunal distribution, quantity (ind. m-2, italics) and wet weight (mg m -2) at the 
expresses abundance and the lower biomass. 
Smtioos 9 8 7 16 12 29 15 29 
Species 	 Depth (m) S S 8 8 15 15 15 25 
NEMATODA 
i I 
POLYCHAETA 	.................. 
Harmotor sarsi (Iiinberg) 	.......... 
OLIGOCHAETA 
(weight, 	total) 	................... 13 57 230 110 90 77 57 
Naididae 	.......................... i 3 
Tubifex tubifex (Meller) 	............ 
Tubifex costatus Cla artide p 	.........., 2 3 30 25 60 37 17 
Tubificidae 	........................  
Limnodrilus profundicola 	(Verrill) 	. 3 3 
L. profundicola or L. hoffmeisteri .. 40 ~ 7 
Enchytraeidae 7 
' I I 
CRUSTACEA 
Pontoporeia 	affinis 	Lindström 	..... 3 3 24 420 43 2220 37 
3 37 186 2 133 440 8 913 330 
Gammarus spp ..................... 26 33 20 3 
1  227 83 37 
Ncomysis integer 	(Leach) 	.......... 
Mysis relicta Lovén 	................ 
Mysis mita Lilljeborg .............. 
Mysidacea 	....................... 
(Mysidacea, weight) 	.............. 3 
Mesidothea 	entomon 	(L.) 	.......... 3 60 37 40 7 13 27 7 
473 110 996 4 746 6 436 667 3210 7 569 1 427 
CHIRONOMIDAE 
(weight, 	total) ..................... 3 57 73 60 10 23 7 
Chironomus plumosus L. 	......... 3 3I 
Chironomini 	sp . 	................... 3 10 
Polypedilum convictum-gr........... 3 13 57 
Microtendipes sp . 	.................. 
Stitochironomus sp . 	................ 7 37 
Paratanytarsus sp . 	................. 3 
Tan tarsini s 
Pro ladius sp . 	..................... . 	50 80 17 3 1  3 3 
MOLLUSCA 
~ I 
Hydrobia jenkinsi Smith 	............ 3 
33 
Macoma baltica (L.
) ( 
30 610 617 610 397 40 
1 710 42 702 80 049 67 140 X54 165 2 860 
30 
1 430 
Total 	Individuals 	.................. 
(Standard error) ........... 
42 
(12) 
778 
(37) 
890 
(85) 
1249 10~ 526 2340 
I 
91 
(18) (2) (21)' (55) (15) 
Biomass, 	g 	................. 2.2 54.2 85.5 76.0 0.7I 57.9 19.5 1 3.2 
Species 	..................... 5 8 12 1 11 21 5 8 	I 4 
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stations in Nätrafjärden in August 1972. When two values are given for a species the upper 
27 14 13 30 31 19 20 21 22 	23 	17 19 	24 
36 57 57 3 7 9 6 10 26 10 5 56 54 40 
3  
l 3  i 
3 	3 13 10 7 
80 	163 23 10 223 
240 370 107 23 101  3'I 7 	40 
3 
87 227 17 3  
17 3 101 3 
3 357 1 10 31 3 i 	210 
565 1 163 1937 3 1 080 535 383 11 388 2 376 1 1301 8472 4 416 9 120 
4 175 6 273 7 896 1 887 1 910 1 696 36 889 6 919 457029 277 19 068 33 780 
6 25 6 
40 120 40 
3 - 3 7 
3 
23 
30 400 10 50 
5 3 20 23I 20 25 23 7 10 I 	10 10 10 
285 787 1 963 4 713; 123 1 795 863 1 237 1 640 2433 2 833 3 150 
5 173 27 10 30 20 10 
5 
3 
10 3 10 
871 10 7 
3  
10  
3 13 30 
i 
10 10 
80 103 
10 53 27 877 1150 650 507 87 780 1 490 13 3 	70 
1 065 1 137 1 460 107 599 70 793 65 810 40 996 550 3 	113 111 660 1 277 80 	4 770 
590' 1 222 	2016 1 100 2 496 1 245 948 11 852 3 219 2 670 8 508 4 462 9 420 
(45) (79) 	(116) (127) (198) (82) (27) (109) (13) — (223) (194) - 
5.6 8.3 	11.9 112.8 73.2 69.7 43.7 38.8 46.8 116.3 33.0 22.2 41.8 
5 41 	6 7 7 5 9 5 11 5 5 j 	S 5 
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Fig. 3. The biomass (wet weight) and number 
of species at different depths in Nätrafjärden in 
1972. 
innermost stations of Nätrafjärden owing to heavy pollution (Fig. 1). During the 
sampling cruises in 1969-71 an azoic area of about the same size was observed. 
The groups represented by the highest number of species were Chironomidae, 
Crustacea and Oligochaeta. Pontoporeia affinis and Macoma baltica clearly dominated 
in Nätrafjärden, the former with respect to abundance and the latter to biomass. 
These and Mesidothea entomon were found at all stations with a macrofauna except 
one. The highest number of species and the highest biomass were recorded in areas 
shallower than 20 m (Fig. 3), which is in agreement with results obtained off the 
coast of SW Finland (Bagge et al. 1965). The high biomass in these shallow areas 
was mainly due to the high abundance of M. baltica (cf. Fig. 4). Low biomass values 
were recorded at depths of 5-40 m (Fig. 3) at stations 9, 12, 27 and 28 close to the 
azoic zone, thus illustrating the influence of pollution. The greater number of species 
found in shallow compared with deeper areas was mainly due to increased diversity 
in oligochaetes and chironomids. 
Mesidothea en/onion, Pontoporeia affinis and Macoma baltica occurred from 5-6 m 
down to 57 m at the deepest stations (Fig. 4). The average abundance of Mesidothea 
en/omen did not exceed 40 in m -' at any depth. The highest densities of Macoma 
Ec 
E 	2_ 
ö 1 TIE 
ä V 	d v 	o 0 
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baltica were observed between 5 and 18 m, whereas Pontoporeia affinis was most abun-
dant below 25 m. Tub/ex costatzu was found down to a depth of 54 m, and reached 
the highest density of 227 ±20 ind. m -" at station 31 (18 m). The total number of 
oligochaetes was highest at depths of 18-40 m (Fig. 4). In contrast, off the SW 
coast of Finland the highest diversity of oligochaetes was found at depths of 0-15 m 
(Laakso 1969). A few specimens of Hydrobia jenkinsi were found at depths of 6-10 
m, whereas Harnzothoe sarsi was collected from depths of 26 and 48-57 m. 
The shell lengths of all the speciments of Maconnza baltica were measured and 
compared with the lengths reported by Segerstråle (1960) from Tvärminne on the 
Finnish SW coast. Bivalves from Nätrafjärden might be expected to grow a little 
slower than those from Tvärminne, since the growth rate is reduced at low tem-
peratures. At stations 27-29 and 31, representing depths of 15-36 m, all the shells 
were > 4.5 mm (Fig. 5, st. 29) and at least 5 years old. The smallest specimens of 
M. baltica, about 1-4 mm long, were found at shallow stations with depths of 5-10 
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Fig. 4. The vertical distribution of some species in Nätrafjärden in 1972. 
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2I 
Fig. 6. Wet weights (upper bars) and number 
of specimens (lower bars) of Ponfoporeia affinr_r 
in 1972 with 95 % confidence limits. The bars 
on the right represent the adult (> 4 mm) 
specimens, those on the left the juveniles 
(< 4 mm). The figures show the percentage of 
juveniles of the total number of individuals. 
A cross indicates a low density or weight. 
m (Fig. 5, sts. 7, 8, 23). Station 8 adjoins the heavily polluted area and this is prob-
ably the reason why its specimens seem to have a reduced growth rate compared 
with those at station 7. The individuals measuring < 4 mm at station 8 (n = 89) 
were significantly smaller than those collected at station 7 (n = 21; p < 0.001), 
whereas no such difference existed between stations 7 and 23. At stations close to 
the polluted area (especially st. 8) the shells of M. baltica were often deformed, with 
small hollows. 
The abundance of P. affinir was not influenced by the depth only, but also by 
pollution. It was highest at the deep stations (17, 18, 21, 24), where recruitment was 
successful (Fig. 6), and comparatively low at e.g. stations 27 and 28 in the inner 
part of Nätrafjärd. The bars indicating wet weights in Fig. 6 are larger for the adults 
(> 4 mm) than for the juveniles (<4 mm) released that spring (cf. Tulkki 1960; Seger-
stråle 1971). The opposite is the case with the abundance values for adults and ju-
veniles. A difference was evident in the relative abundance of juveniles between the 
outer and inner parts of Nätrafjärden. In the outer part, the juveniles comprised 
65—SO per cent of the population, whereas in the inner part they did not outnumber 
the adults. 
The index of affinity (see material and methods) has proved to be an excellent 
tool in the evaluation of benthic communities (e.g. Rosenberg 1972). The stations 
in Nätrafjärden could be divided among four different faunal assemblages according 
to this index (Fig. 7). The heavily polluted station 12 had a poor fauna consisting 
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of only two species. The other three assemblages are illustrated by the three darkest 
units in Fig. 7, and are further described in Table 2. Macoma baltica and Pontoporeia 
affinis were ecological dominants in Nätrafjärden. M. baltica was found in numbers 
of about 400-900 per m2 (proportion 69-80 %) in polluted shallow water areas 
(Table 2: 2), where the abundance of P. affinis was < 50 ind. m-" (proportion 0-
8 %). With increased distance from the effluent outfall, the shallow water community 
(Table 2: 3) changed, and M. baitica and P. affinis appeared in numbers of about 
the same order: 500-1 500 and 100-1 000 ind. m -2, respectively (proportions 
33-56 and 34-43 %). A strong positive correlation (r = 0.98, p < 0.001) was 
found between the abundance figures. The deep water community (Table 2: 4), 
which was less influenced by pollution, was dominated (95-100 %) by P. affinis, 
which had numbers of about 500-9 000 ind. m -2. M. baltica had a low percentage 
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TABLE 2. Some species of four macrofaunal assemblages evaluated with the index of affinity. 
1 	 2 	 3 	 4 
Heavily polluted ' Polluted, shallow wa- 
Stations: 	1-6, 	10— I 	ter 
12, 25-26 i Stations: 	7-9, 	29- 
30 
Depths: 7-25 ni Depths: 8-15 m 
Biomass: 0-1 1- Biomass: 63 g ± 18 
Semi-healthy, shallow 
water 
Stations: 16, 19, 20, 
23, 28, 31, (22) 
Depths: 5-25 m 
Biomass: 64 g ± 15 
Semi-healthy, deep 
water 
Stations: 13-15, 17 
—18, 21, 24, 27, (22) 
Depths: 18-57 m 
Biomass: 23 g ± 5 
Mesidothea entomon Macoma baltica 
Mesidothea entomon 
Tubifex costatus 
Limnodrilus sp. 
Gammarus sp. 
Procladius sp. 
Macoma baitica 
Pontoporeia affinis 
Mesidothea cntomon 
Gammarus sp. 
Tubifex costatus 
Pontoporeia affinis 
Macoma babies 
Mesidothea entomon 
Encytracidae sp. 
Harmothoe sarsi 
(0-4 %) and a density < 100 ind. m -2. Stations 9, 8 and 7, all at a depth of 8 m 
at the north side of the firth, were situated along a decreasing pollution gradient. 
The fauna at station 7 was similar to that at the less polluted station 16 further out 
in the firth, but had few specimens of P. affinis.  A comparison of the fauna com-
position at the deeper stations 28, 29 and 31 with that found at stations 15 and 21 
suggests that in the absence of pollution the fauna at stations 28 and 31 would have 
been similar to the deep water community in group 4 and the fauna at station 29 
similar to the communities in group 3 or 4. 
DISCUSSION 
The macrofauna in Nätrafjärden showed similarities to the fauna of polluted 
areas outside the town of Turku in SW Finland (Tulkki 1960, 1969). In both areas 
Macoma baltiea was among the species most tolerant of pollution. Mesidothea ed/osHQH 
was found close to the azoic area in Nätrafjärden, whereas outside Turku it was 
not recorded from the polluted zone. Pontopore/a afjfnil, Ha.rmotnoe sorsi and I-Iali-
sryptus spinulosus were missing in polluted waters in both regions. I-I. spinzrlosus was 
recorded only once in Nätrafjärden in 1969, at a depth of 46 m in the vicinity of 
station 21. 
The organic wastes were mainly transported in the surface water in Nätrafjärden. 
In the inner part of the firth the content of organic carbon was high in the sediments, 
but oxygen depletion was not recorded during 1969-72. Nätrafjärden can be com-
pared with Saltkällefjorden on the west coast of Sweden, which received wastes 
from a sulphite pulp mill until 1966 (see Bagge 1969, Rosenberg 1971, 1972). The 
two regions are similar in that both are estuaries with steep shores, have a maximum 
depth of about 60 m and are covered with ice for several months. The two regions 
.differ in that the bottom water of Saltkällefjorden beneath the halocline has a salinity 
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of 30-33 % and the sill at 40 m at the mouth of Saltkällefjorden may reduce the 
exchange of bottom water. The amount of organic wastes, measured as BOD or 
KMnO.,-consumption, was about twice as large in Nätrafjärden. Despite the fact 
that Saiticällefjorden received less organic wastes than Nätrafjärden and that the 
halocline might reduce the sedimentation, oxygen depletion occurred there and 
the macrofaunal biomass and diversity were reduced in an area exceeding 1.5 km2 
(Rosenberg 1973). The advantageous oxygen conditions in the bottom waters of 
Nätrafjärden were probably due to greater circulation, a higher oxygen solubility 
and lower temperatures reducing decomposition. In Nätrafjärden no macrofauna 
was found in a polluted area of approximately 1 km=, the total biomass of the firth 
thus being reduced by about 60 tons (cf. Rosenberg 1973). 
The higher susceptibility of Pontoporeia affinis to pollution in Nätrafjärden and 
outside Turku (Tulkki 1969), compared with Macozva baltica, is probably due to the 
fact that P. affinis is more stenothermal and stenohaline, i.e. requires more stable 
environmental conditions. This is in agreement with the results from Saltkällefjorden, 
which showed that the ability to resist pollution is greater for animals accustomed 
to physiological stress (Rosenberg 1971, 1973). The highest diversity and biomass 
were found at depths less than 20 m in Nätrafjärden and off the SW coast of Finland 
(e.g. Tulkki 1960, Bagge et al. 1965). The highest diversity and biomass are generally 
found at greater depths in more saline waters (e. G. Day et al. 1971, Rosenberg 1973). 
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PLANKTON COMPOSITION IN THE HELSINKI SEA AREA 
T. Melvasaloi and H. Viljamaa' 
'National Board of Waters, Water Research Office, SF-00100 Helsinki 10, Finland 
2Ciry of Helsinki Building Office, Water Conservation Laboratory, SF-00250 Helsinki 25, Finland 
Plankton samples from the Helsinki off-shore sea area have been subjected to 
quantitative analyses and the results from 1969 to 1972 compared with ob-
servations of the pbysico-chemical properties of the water and the primary 
production. The dominant plankton species in various parts of the area were 
also compared. Although measurements of the primary production indicate 
that the entire area is at least partially polluted, the less eutrophied waters still 
contain a number of the plankton species typical of the unpolluted parts of 
the Gulf of Finland. 
The study forms a part of the investigations being carried out in the sea area of 
Helsinki and Espoo since the beginning of the 1960s. The area is located in the 
northern part of the Gulf of Finland, 60000-60°14 N and 24°40'-25°15' E, and 
covers approximately 100 km'. Its primary production is such that almost half of 
the area has been classified as eutrophied, that is, more than 800 kg C ha-' year -1  
(Lehmusluoto 1968, Pesonen 1972). 
The study area comprises 12 phytoplankton and 8 zooplankton stations: the 
former also serve for investigating primary production (Fig. 1). Three zones were 
distinguished in the area in accordance with the trophic status of the waters. Their 
delimitation was based on observations of the primary production made in 1971 
by Pesonen (1972). 
MATERIAL AND METHODS 
For the plankton analyses, samples were usually taken at two-week intervals during the ice-free 
season. The results from 1969 to 1972 were used and the samples from May to October compared. 
The biological results and the temperature relate to samples taken from a depth of 0-4 m, whereas 
the values for the physico-chemical properties of the water are generally the means for the whole 
water column. 
The phytoplankton samples were collected with a 2-m-long tube sampler and mixed to correspond 
to a 0-4-m water column. The phytoplankton, primary production irs vigro (under stable conditions) 
and the nutrient content were determined on mixed samples. The zooplankton samples were collected 
vi  rh a 28-litre sampler with a net (mesh size 50 oom). The rest of the samples were taken with a Ruttner 
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Fig. 1. Sampling stations for phytoplankton (circles) and zooplankton (squares). fn silo primary 
production kg C ha-' year -1 in the Helsinki and Espoo sea area (solid lines), in 1971 (Pesonen 1972). 
sampler. The phytoplankton was preserved with Keefe solution (Keefe 1926) and the zooplankron 
with a solution of formalin. The plankton was analysed by the Utermöhl technique. A phase contrast 
microscope with more than 600-fold magnification was employed. The mean volumes of the species 
employed in calculating biomass are given in Melvasalo et al. (1973). The primary production was 
measured by a modification of the Steemann-Nielsen method. Standard laboratory methods were 
used in the chemical and physical analyses. 
The values for the background parameters employed in the present study are the means for four 
years, 1969-1972 (values for total nitrogen and nitrate only from 1972) (Fig. 2), and were mostly 
obtained from the records in the reports of the Helsinki City Water Conservation Laboratory. 
The stations are arranged from west to east and parallel variation is revealed by their values. The 
middle stations represent the first, most eutrophied zone, being situated in the polluted bay regions 
around Helsinki, which receive the effluent from sewage treatment plants. The next stations to the 
east and west represent zone II, being separated from the stations of the first zone by islands and 
road banks. The third zone is represented by stations in the outer archipelago. 
In zone I, the temperature in the whole water column rises to a maximum of more than 20°C 
and even in the outer archipelago it can occasionally rise to over 15°C. A permanent thermocline 
is not generally formed although brief thermal stratification commonly occurs during calm periods. 
Owing to the sewage, the phosphorus content in the bay region is mostly in excess of the optimum 
amount which can be utilized biologically. Experiments for removing the phosphorus from the 
effluent entering this area from the treatment plant were made in 1970. Phosphorus removal on a large 
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scale was initiated in late summer 1971. So far, it has had no effect on the plankton biomass, but there 
has been a change in the ratio of soluble nitrogen to phosphorus. 
In the most polluted area, zone I, the phytoplankton biomass is almost 10 times as great as 
that of the zooplankton. In the more outlying regions the difference is considerably smaller. 
RESULTS 
Zone I is characterized by a vernal bloom of Chlamydomonas when the ice melts. 
However, it generally escapes quantitative sampling because it occurs so early in 
the season. At these stations, this short but abundant chlorophyte maximum was 
accompanied by the vigorous occurrence of ciliates and rotifers, of which the most 
common were Brachionus and Synchaeta species. The bloom of Chlanydolssonas is 
succeeded by a diatom maximum of equal intensity, which may produce biomasses 
exceeding 50 mg/1, of which almost 90 % are composed of the small centric alga 
Stephanodiscus hant~schii var. pusilla Grunow. Throughout the summer in zone I the 
phytoplankton lacks diversity and is dominated by blue-green algae, of which Oscil-
latoria agardhii Gom. is the most abundant. During this period, the phytoplankton 
density may occasionally exceed 200 mg/1, when the zooplankton is mainly dom-
inated by the Cyclopoida species Acanthocyclops vernalis Fish. 
Zone II is characterized by disequilibrium in the number of species and indi-
viduals. Eutreptia and Cwptomonas, the diatom Skeletonerna costatum Grey. (Cleve) 
and small naked flagellates are typical components of the phytoplankton. The zoo-
plankton of this zone is dominated by rotifers, although abundant Tintinnopsis species 
have been met with. The latter are almost completely absent from zone I. At the 
height of the summer the water fleas Bosmina coregoni maritima P. E. Muller and 
Daphnia cocollata G. O. Sars are typical zooplankton species, whereas the autumn 
is characterized by the calanoids Eurytemnora hirundoides Nordq. and Acartia bifilosa 
Giesbr. 
In zone III, both the phytoplankton and zooplankton are mainly composed of 
flagellates and brackish water species. Achnanthes taeniata Grun. and the dinoflagellate 
Gonyaulax catenata (Levander) Kofoid dominate the vernal phytoplankton. Small 
numbers of Melosira arctica (Ehrb.) Dickie, Thalassiosira ballica (Grun.) Ostenf., 
Navicsila vanhöffenii Gran., Nittschia frigida Grun. and Fragilaria cylindrica Grun. have 
also been observed among the vernal diatoms. Tintinnopsis tubulosa Levander and 
TintZnnopsis bronchi Nordq. are vernal species of the zooplankton. At the beginning 
of the summer, flagellates predominate in the phytoplankton, while Synchaeta sis0nop is 
Plate and Keratella quadrata platei Jägersk. are the dominant zooplankters. Somewhat 
later, the most common species in the upper layers of the water are Bosmina coregoni 
maritima, Podon poliphemoides Leuckart and Evadne nordnanni S. Loven, and those of 
the deeper layers are flcartia and Eurytemora species and Cxmnatalanzrs grimaldci de 
Guerne. 
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Fig. 2. Mean values of salinity, ten perature, phosphorus, nitrogen, primary production, phyto-
plankton and zooplankton for May—October 1969-1972 of stations 4, 18, 25, 36, 68, 75, 87, 107, 
114, 122, 125. 
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Fig. 3. The percentages of the dominant species in the total biomass (solid line) and the total number 
of individuals (broken line). Phytoplankton in 1969-1972 and zooplankton in 1969-1971, May— 
October. Stations 4, 18, 25, 36, 68, 75, 87, 107, 114, 122, 125. 
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Fig. 3 shows the percentages of the most common plankton species in the total 
densities. The values are the means of the May—October samples of 1969-1972 in 
which each species occurred 1). Three groups of species can be distinguished on 
the basis of their occurrence in the various zones (Table 1): 1. species that occur 
most abundantly in zone I and hardly at all in zone III; 2. species that are abundant 
only in the most outlying stations and are absent from zone I; 3. species that are 
most abundant in zone II or show no clear preference for any zone. 
The ratio of the abundance of the plankton species typical of zone I to the abun-
dance of the species typical of zone III was examined at each station. Two pairs of 
ratios were calculated for the phytoplankters and the zooplankters. The first pair 
(A1 : B1 and al : b l) was based on their percentages of the total number of individ-
uals divided by their frequency of occurrence; the second pair (A. : B. and a2 : b2) 
was based on their percentages of the total biomass divided by their frequency (Table 
2). In addition, mean values were calculated for each zone for nutrients, primary 
production, and other aspects of the phytoplankton and zooplankton (Table 3). 
TABLE 1. The dominant plankton species in the Helsinki and Espoo sea area in 1969-1972. 
A and a : species of the bay area (Zone I) 
B and b : species of the outer archipelago (Zone III) 
C and c : species of the inner archipelago 
ZONE I PHYTOPLANKTON 	 ZOOPLANKTON 
I A Oscillatoria agardhii a Asplanchna spp. 
O. limnetica Bracbionus angularis 
Microcystis pulverea v. incerta B. calyciflorus 
Stephanodiscus hantzchii v. pusilla Filinia longiseta 
Anabaenopsis sp. Cyclops spp. 
Nitzschia acicularis 
III B Thalassiosira baltica b Tintinnopsis brandti 
Gonyaulax catenata Synchaeta monopus 
Aphanizomenon floc-aquae Acartia bifilosa 
Achnanthes taeniata Eurytemora hirundoides 
Skeletonema costatum Bosmina c. maritima 
Melosira arctica Podon polyphemoides 
Carteria spp. Evadne nordmanni 
C Eutreptia marina c Tintinnopsis fimbriata 
Cryptomonas spp. T. tubulosa 
Chaetoceros wighami Keratella quadrata 
Flagelfata Synchaeta spp. 
Daphnia cucullata 
a = the percentage of the individuals in the sample belonging to species A; n = the frequency of 
species A in samples taken in May—October, during one season of growth; 692 = the sum of 
the averages of the frequency percentages of species A in 1969-1972. 
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Biotic diversity values computed on a smaller zooplankton material, from 1969 
and 1970 (Viljamaa 1972), according to Margalef's formula (1958), support the zonal 
division of the study area adopted here. 
On the basis of the succession of the phytoplankton species groups, the stations 
can be divided into three classes: 1. Those with a distinct diatom maximum in 
spring and a strong maximum of blue-green algae in summer, the second maximum 
exceeding the first (Cy > Di). 2. Those with a clear vernal diatom maximum but 
whose autumnal maximum of blue-green algae varies from year to year and may 
not exceed the vernal biomasses (Cy ,. Di). The predominant organisms in these 
two classes are flagellates. 3. Those whose phytoplankton biomasses are at their 
maximum in spring, the autumnal bloom of blue-green algae failing to raise the 
biomasses to anything like the vernal values (Cy < Di) (Melvasalo 1971). 
Comparison of the occurrences of the cyclopoids and calanoids reveals that 
cyclopoids predominate (Cycl. > Cal.) in zone I, both groups are almost equal in 
density in zone II and calanoids dominate in the outer zone (Cal. > Cycl.). 
Positive correlations were observed between the total phytoplankton material 
and the phosphorus content. The coefficients were 0.7 for the correlation between 
TABLE 2. The ratios of the abundance of the species typical of Zone I (A, a) to the abundance of 
the species typical of Zone III (B, b) at stations 4, 18, 25, 36, 68, 75, 87, 107, 114, 122, 
125 and in zones I, II and III. 
I = proportion of total individuals 
2 = proportion of biomass 
Phytoplankton 	 Zooplankton 
At : B, 	A; :B, 	 a,:b,  
5.5 15.5 5.5 1.2 
13.0 37.0 14.0 11.4 
9.0 4.5 5.4 1.6 
150-50 400-40 140-50 115-10 
Station 
	
140 	................................. 
87 	................................. 
4 	................................. 
ZONE 
Station 
68 	................................. 0.8 0.5 0.1 0.1 
75 	................................ 2.0 1.1 0.6 0.4 
18 	................................. 1.6 0.8 0.3 0.2 
25 	................................. 1.5 1.0 0.1 0.1 
ZONE 
II 	.................................. 20- 8 15- 5 10- 1 5- 1 
Station 	.............................. 
122 	................................. 0.3 0.1 
125 	................................. 0.2 0.1 
107 	................................. 0.6 0.5 
36 	................................. 0.2 0.1 
114 	................................. 0.1 0.0 
ZONE 
III 	.................................. 6- 1 5 
0.0 	0.1 
I 
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TABLE 3. Mean values of 1969-1972 for phosphorus, nitrogen, primary production, phyto-
plankton and zooplankton in Zones I, II and III of the Helsinki and Espoo sea area. 
Cy = Cyanophyta, Di = Diatomae, Cycl = Cyclopoida, Cal = Calanoida. 
PARAMETERS L I II • III 
PHOSPHORUS 
P 	t 	.......................... mg m-3 > 	200 80— 40 45— 20 
PO4 	......................... mg m-3  > 	80 30— 10 20— 5 
NITROGEN 
N 	t 	......................... mg m-3  > 1 500 800 -500 500-350 
NO3 	........................ mg m-3  > 	40 . 	15— 10 
PRIMARY PRODUCTION 
in situ 	............... 	kg C ha-1 year' > 1 200 1 000 -500 500-3.00 
in vitro 	.............. 	mg C m-3 day-1  >1 000 400 -100 100— 40 
PHYTOPLANKTON 
biomass 	....................... mg 1-1  > 	50 15— 5 4— 2 
no. of indiv ................. 106 ind. 1-1  > 	70 20— 5 6— 2 
dominance 	....... . ................... Cy> Di Cy j Di • Cy <Di 
A, : B, indiv .......................... 150— 	50 20— 5 6— 1 
Ao : B. 	bioro .......................... 400— 	40 15— 5 < 	5 
ZOOPLANKTON 
biomass 	.................... 10-3 mg 1-r > 1 500 3 000 -900  
no. of indiv .................... ind. 1-1  > 1 500 1 000 -600 > 500 
dominance 	........... 	................ Cycl > Cal Cycl < Cal 
a,: 	b,indiv . 	.......................... 140— 	50 10— 1 < 	1 
a, 	: 	b., 	biom . 	......................... 115. 	10 • 5— 1 < 	1 
biotic diversity 	....................... 1 1— 2 • > 	2 
the numbers of individuals in the phytoplankton and total phosphorus, 0.8 fåt - the 
correlation between the biomass and phosphorus and 0.7 for the correlation be-
tween the primary production in vitro (under stable conditions) and phosphorus. 
A coefficient of 0.8 was obtained for the correlation between the primary production 
in vitro of the whole material and the biomass of the phytoplankton. All values 
given are significant at a 99.9 % probability level. 
DISCUSSION 
Reference to previous investigations (Välikangas 1926, Purasjoki 1947) reveals 
that in the waters to the east of Helsinki the same composition of plankton species 
indicative of pollution has prevailed throughout the 20th century. However, the 
abundance of the species has increased and their distribution expanded. West of 
Helsinki, on the other hand, strong pollution did not set in until the 1950s. Since 
then it has grown steadily . from year to year. 	 . 
According to several investigators, the present species composition in the eutro-
phic waters indicates that they are strongly mesosaprobic. 
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The characteristic vernal phytoplankton species in the outlying marine areas 
(Achnanthes taeniata, Melosira arctica and Thalassiosira baltica) are indicators of oligo-
saprobic waters and are typical of the Gulf of Finland (Niemi 1972). Skeletonerna 
costatuin, Chaetoceros zviohami Brightw., Gonyaulax catenata and Aphaniomenn flos-
aquae Ralfs are not indicators of oligosaprobity, and the last-named has been con-
sidered a representative of mesosaprobity in fresh waters, like Brachionus angularis 
Gosse, B. calyciflorus Pallas, B. urceus O. F. Muller, Filinia longiseta (Ehrenb.) Remane 
and Keratella quadrata O. F. Miller (e.g. Kolkwitz 1950). 
The zonal division presented here corresponds to that devised by Pesonen (1972) 
on the basis of in situ observations of primary production. According to him, zone 
I may be classified as very eutrophied, zone II as eutrophied and zone III as slightly 
eutrophied. 
Observations on the primary production and species composition indicate that, 
even though the area under discussion is so extensive, it no longer has any com-
pletely unpolluted stations within its limits. A new station located about 30 km 
south of Helsinki was selected in 1971, but we have not yet obtained enough material 
from it for comparison. 
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CHANGES IN PLANKTON RESULTING FROM THE 
EUTROPHICATION OF A BALTIC FIRTH 
Krystyna Wiktor and Marcin Plinski 
University of Gdansk, Institute of Oceanography, Gdynia, Poland 
Research on plankton was carried out in 1955-1972 in the Szczecin Firth. 
During the last few years the average phosphate content has increased to 
10-fold the level noted in 1954-1956. It is probable that the reason is increased 
pollution of the Odra due to the development of industry and intensification of 
agriculture in the Odra basin, especially in the lower reaches of the river. Besides 
disturbing the seasonal course of the phosphate concentration, pollution has 
increased the plankton production and caused changes in the composition 
of the plankton. 
The eutrophication of inland waters and smaller sea areas is one of the most 
important hydrobiological problems today. Evidence of eutrophication has already 
been noted in the open waters of the Baltic (Fonselius 1971), and it may be expected 
to be greater along the coast and in bays and firths, especially those receiving rivers 
emptying into the Baltic. Szczecin Firth is one of such reservoirs for the waters 
of the River Odra flowing down to the Baltic. This paper presents the results of 
investigations carried out in this water body in 1954-1972. Szczecin Firth offers 
especially favourable conditions for the study of changes taking place in the bio-
coenosis and, in addition to the present investigations, observations have been made 
of the hydrological conditions and the qualitative and quantitative changes in the 
phyto- and zooplankton over 20 years, using the same methods of study. Accord-
ingly good comparative material is available, which makes it possible to observe 
the direction of the changes. 
A substantial increase in the concentration of phosphates was noted from 1968 
onwards in the waters of Szczecin Firth, the phosphate concentration becoming 
5 to 20 times as great as in 1954-1956; the amounts recorded ranged from several 
milligrams to 320 mg P2O 5/m3 in 1969 and, in certain places, exceeded 400 mg 
P20 5/m3 in 1970. The situation is the same today (according to unpublished material 
by C. Kaczewiak). Another important point is that the pattern of seasonal fluc-
tuation of the concentration of phosphates was observed to have changed consider-
ably. In 1954-56 the seasonal course of the phosphate concentration was typical 
of eutrophic European waters: accumulation during the winter period, rapid drop 
in spring due to vigorous development of phytoplankton, minimum in summer and 
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further increase in autumn. From 1969 onwards, this cycle was disturbed: the highest 
concentrations of phosphates were noted in summer, coinciding with vigorous 
phytoplankton production (Fig. 1). 
These higher concentrations of phosphates in Szczecin Firth are probably due 
to increased pollution of the waters of the Odra, especially in the lower reaches 
of the river, connected with the development of industry and the intensification 
of agriculture. 
The question arises whether, and in what way, such an increase in the concen-
tration of phosphates influenced productivity. As is known, in certain water bodies 
phosphates are one of the factors limiting the production of phytoplankton. A survey 
of the seasonal fluctuations in plankton biomass — the greater part of which is 
phytoplankton — shows that in the years 1968-1970, the plankton biomass during 
the period May — September was two to three times as great as in the same period 
in the years 1955-66 (Fig. 2). Thus the enrichment of the firth waters with phos-
phates undoubtedly tended to intensify phytoplankton production. 
m9/m3  ml /m3 
700 
500 
300 
100 
24C 
16C 
8C 
m 
Fig. 1. P,05 content (in mg/m3) in the surface 
waters of Szczecin Firth. 
Fig. 2. Plankton biomass in the central part 
of Szczecin Firth in three successive years 
(1968, 1969, 1970) and average for 1956-66 
From 1969 onwards, the substantial increase in plankton biomass was observed 
to be accompanied by changes in the proportions of the component phyto- and 
zooplankton groups. 
Investigations carried out by Zembrzuska in 1955-56 (Zembrzuska 1962) 
indicated a distinct succession of dominant groups: from spring to the end of the 
first half of summer (end of July or August) diatoms dominate, in August, or August 
and September, there is a temporary dominance of Cyanophyceae. In Szczecin Firth 
diatoms are represented by the largest number of species, but only a few of these 
achieve high densities and contribute to the seasonal changes in the total phyto-
plankton biomass. These species include primarily Diatosna elongatum, Melosira 
granulata. and M. distans or M. varians. Of the several species of Cyanophyceae, the 
most important is Aphanigomenon filos-aquae, the mass occurrence of which takes 
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Fig. 3. Percentages of diatorns, Cyanophyceae and Chlorophyceae in the plankton of Szczecin Firth. 
A) in 1955, B) in 1970. 
place in the second half of the summer. Investigations carried out by Pli6ski showed 
that, although the component species remained the same, fundamental changes 
occurred in their dominance from 1968 onwards. The percentage of Cyanophyceae 
in the plankton of the firth during the summer season increased from year to year, 
so that in 1969 and 1970 they were clearly dominant. As already mentioned, Aphani-
omenon fos-aquae was the most important representative of Cyanophyceae in the 
years 1955-56; in 1969-1970 another species, Microcystis aeruginosa, was responsible 
for the dominance of Cyanophyceae. AphaniZomenon filos-aquae occurred only 
sporadically and in small quantities from 1968 onwards. This was the most impor-
tant change occurring in the structure of the phytoplankton in the past few years. 
Microcystis aeruginosa, noted in small quantities, especially in July, in earlier investi-
gations, had some large almost pure blooms in 1969 and 1970, constituting 95 % 
of the total phytoplankton in several places in August of these years. The disappear-
ance of 4phani~omenon ftos-aquae and the expansion of Microcystis aeruginosa may 
undoubtedly be attributed to the increased concentration of phosphates in the wa-
ters of Szczecin Firth. The weather conditions also favoured the sharp increase of 
the latter species in 1969 and 1970; the temperature of the water remained above 
20° C throughout the summer. Such vigorous blooms of this species have an un-
favourable influence on the whole biocoenosis of the reservoir. This species is one 
of the most toxic members of the algal flora. The sudden drops observed in the 
numbers of most of the zooplankters during the period of the blooms of Micro-
ystis, e.g. in August 1970, can probably be attributed to its deleterious influence. 
Throughout the study period, the same species of rotifers and crustaceans formed 
the major part of the zooplankton and the general pattern of the seasonal succession 
was maintained. However, the percentage representation of the individual species 
changed. In 1968-1970 there was a distinct increase in the proportions of Keratella 
tecta, Trichocerca portella and T. capucina in the rotifer group and of Chydorus sphaericus 
and Bosmina coregoni among the crustaceans. There were greater amounts of Tricho-
cerca cap ucina and Keratella tecta in the »warm» years, so that their vigorous production 
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in the years 1969-1970 might have been caused by a higher than average water 
temperature during the summer. Whatever the reason, during July — September 
in Szczecin Firth the proportion of Keratella tecta in the rotifers ranged from 41 % 
to 57 % in 1955-1965 and from 60 % to 94.7 % (August 1968) in 1968-1970. 
Bosmina coregoni and Chydorus sphaericus also achieved higher average densities 
in July — August (the period of their maximum) in 1969-1970 than in 1956-65. 
Species 
Chydorus sphaericus .................. 
Bosmina coregoni ..................... 
No./m during maximum 
	
1956-65 	 1969 	 1970 
156 000 	667 000 	880 000 
65 000 184 000 388 000 
Such vigorous expansion, especially that of Chydorus sphaericus, clearly increased 
their proportions in the plankton in the second half of August and in September. 
Thus, although in earlier years Chydorus sphaericus did not constitute more than 40 % 
of all the crustaceans, in 1968-1970 it amounted to 60 %_. This species has also 
been observed to increase greatly with increasing eutrophication in certain inland 
waters. 
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As already mentioned, the well-defined seasonal succession of zooplankton 
species in Szczecin Firth was generally maintained in the years 1968-1970. Another 
noteworthy feature was the substantial drop in numbers of most species, such as 
rotifers and crustaceans, during the maximum of Microcystis and the rise in their 
numbers at the end of its bloom. This was especially noticeable in 1969, when, on 
on 28th August, almost all the species had disappeared from the zooplankton, which 
consisted solely of Bosmina coregoni, large numbers of Chydorus sphaericus and Kera-
tella tecta. The unfavourable influence of the mass occurrence of Microcystis, and the 
toxic effect of its metabolites on zooplankton organisms, has been noted in several 
cases (Spodniewska 1971). Its blooms occur mostly in contaminated waters, es-
pecially those polluted by excessive amounts of organic substances and phosphates. 
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SPECIES DIVERSITY OF MACROFAUNA IN A ZOSTERA 
MARINA COMMUNITY IN TVÄRMINNE, S FINLAND 
Annikki, Lappalainen and Pentti Kangas 
Tvärminne Zoological Station, SF-10850 Tvärminne, Finland 
Bothnian Bay Research Institute, SF-90100 Oulu, Finland 
The species diversity of the macrofauna in a sandy-bottom Zonera marina 
community was measured by Shannon's formula in 37 contemporaneous random 
samples of June 1971, and in 60 samples from Zostera sites taken in 1968-1971. 
H',, (diversity based on numerical abundance) ranged from 0.78 to 2.13, 
averaging 1.37 in June 1971. H' b (based on ash-free dry weight) ranged from 
0.43 to 1.6 5. Animal diversity correlated positively to the weight of macroscopic 
plants, the spatial variations of which represented variations in habitat com-
plexity. 
Animal diversity as measured by H',, in the Zostera sites was seasonally 
programmed, averaging about 1.5 in late summer, and about 1.8 in winter. 
The pattern was explained by seasonal variations in the proportions of the 
numerically important taxa, especially Corophium volutator. A slight increase in 
H'„ in 1968-1970 was accounted for by a decrease in the dominance of Hyd-
robia spp. Temporal changes of H' b were masked by the overwhelming do-
minance of Macoma ballisa. 
The species evenness component of diversity, as measured by J', was more 
important than the species richness component in determining animal diversity, 
both on the numerical and the biomass basis, and spatially as well as temporally. 
A comparison was made with investigations of other predominantly physically 
controlled communities. 
The present study forms a part of the Finnish IBP-PM programme, the purpose 
of which is to provide a background for monitoring changes in the biota of the 
northern Baltic Sea. Changes can be evident at the organism or the community 
level. At the community level, the practical value of species diversity measurements 
in assessing environmental and pollutional stress has been suggested by, e.g. Wilhm 
(1967), Wilhm and Dorris (1968), Storrs et al. (1969), Bechtel and Copeland (1970), 
Copeland (1970), Copeland and Bechtel (1971), Boesch (1972), Dahl (1972) and 
Rosenberg (1972, 1973). Trends of diversity in space along stress gradients have 
been shown in pollutionally loaded areas. It seems probable that corresponding 
trends can be traced in time in a given community, if pollutional stress is being 
added to the other stress factors. In this study base-lines are provided for diversity-
connected parameters for a Zostera marina community in Tvärminne, S. Finland. 
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PROCEDURES 
The sampling area and the methods applied in 1968-1970 are described in Haahtela (1972) and Lap-
palainen (1973). Sampling was continued in 1971. In the period 7-24 June, 37 samples, each 
covering 270 cm'-, were taken at random from a 20 x 20 m sample plot with the diver-operated 
Tvärminne sampler (Finnish IBP-PM Group 1969). The sample plot was situated near Tvärminne 
Zoological Station on a sand bottom at a depth of 4.3 m. In addition, on 24-29 June, 10 non-random 
samples were taken from the same area at sites containing living eelgrass, Zostera marina L., by the 
sampling method employed in 1968-1970. Mesh sizes of 1.0 and 0.6 mm were used in sieving. 
Both animals and plants were retained, identified, counted, and weighed. The laboratory methods 
are described in Lappalainen and Kangas (in press). 
The material of the species diversity estimations comprised taxa that could be sampled representa-
tively and easily handled taxonomically (cf. Dahl 1972). The following were included: every specimen 
of Turbellaria, Nemertini, Polychaeta, Hirudinea, Crustacea, Molluscs and Pisces, each being identified 
down to the species level. The following exceptions were made: (1) the genera Jaerå, Lyrnnaea, and 
Hydrobia were each treated as one unit, (2) juvenile Gammarus spp., Mya arenaria L., a few Turbellaria, 
a few juvenile Idotea spp. and Pisces were discarded. In the pooled random samples, 93 % of the 
animal specimens of the original data matrix were present after the data modification, totalling nearly 
8 000 individuals belonging to 27 taxa. 
Shannon's formula (Pielou 1966a, 1966b) was used to measure the species diversity of the samples: 
S 
H' _ — jZr p, In p., where S is the number, of species, and p, is the proportion of individuals in 
the ith species (i = 1, 2, 3, ... S). Both numerical abundance and ash-free dry weight were used as 
the species importance values (Lloyd 1964, Dickman 1968, Wilhm 1968, Bechtel & Copeland 1970, 
Ghilarov & Timonin 1972). 
Shannon's index is a function of the number of species present (species richness) and the evenness 
with which the individuals are distributed among these species (species evenness) (Lloyd & Ghelardi 
1964, Hurlbert 1971). It is reasonably independent of the total abundance of individuals in the sample 
(Sanders 1968). 
Species evenness was measured with the formula J' = H'0D81H'ma~, where H'ma. is In S (Pielou 
1966b, Sheldon 1969). J' has the maximum value of unity when all the species present in a sample 
are equally abundant. 
SPATIAL VARIATION 
In the samples of 1971, the animal species diversity H',. (on numerical basis) 
ranged from 0.78 to 2.13, the median being 1.36 and the 95 % confidence .interval 
of the mean being 1.37 ± 0.10 (Fig. 1). The species diversity of the pooled samples 
was 1.55, which was 12 % larger than the corresponding mean. The difference 
suggests considerable patchiness of the species of the community (cf. Lie 1968, 
Monk et' al. 1969). Sample species diversity.. H' a (on biomass basis) ranged from 
0,43 to 1.65, the median being 0.86 and the confidence interval being 0.91 ±0.11. 
Considerably higher diversity values based on numerical abundance were reported 
for a Zostera epifaunal community by . Marsh . (1973). 
The . mean number of animals was about 8 000 ind. m -z (0.6 mm mesh) in both 
the vegetation-poor and vegetation-rich.,parts of the sample plot. In contrast Animal 
318 
2.12 
1.3C 
141 
Q .O.80 
1.19 
1.31 
1.24 
.9 
	
.1 	0.99 
i.02 	1.15 
1.24 
1.51 
1.51 	1.65 	
1.84 
0 
1.55 	 1.01 
1.6 
2.13 	1.30 	X1.19 
1.59 	 0.78 1.26 	
0.96 
1.48 
1.63 	
1.20 
1.57 
1.36 	 1 
1.60 	 1 2 3 4 5 g/sample 
Fig. 1. Spatial variation of animal species diversity calculated on the 
basis of numerical abundance, in relation to fresh weight of macro-
scopic plants, living and dead Zostera marina (open sectors), Fucus 
vesiculosus (solid sectors), and filamentous algae (dotted sectors), in the 
20 x 20 m sample plot in June 1971. 
species diversity, H',. as well as H',,  was positively correlated to the weight of the 
macroscopic plants. The same trend was observed in species evenness. Yet, animal 
species diversity was evidently less dependent on plant biomass in itself than on the 
structural complexity of the habitat, where macroscopic plants and the substrate 
pattern played important roles (cf. MacArthur 1965). 
The margins of the plot were nearly void of macroscopic plants. Only deposit 
feeders were abundant, ingesting micro-organisms attached to sediment particles 
(Newell 1965, Green 1968). Hydrobia spp. (mainly H. ulvae (Pennant), but H. ventrosa 
(Montagu) also present), Macoma baltica (L.), and Pygospio elegans Claparede dominated 
numerically. In ash-free dry weight M. ballica dominated by several orders of magni-
tude. The eelgrass vegetation was evidently too sparse to contribute to the variety 
of micro-habitats and resources to any marked extent (cf. e.g. Stauffer 1937, Ki-
kuchi 1966 and Göthberg & Röndell 1973). Yet, species diversity was increased, 
as compared with the vegetation-poor areas, e.g. by the abundant occurrence of 
Corophium volutator (Pallas), Gammarus spp. and Potamopyrgus jenkinsi (Smith). As 
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might be expected, the greatest animal diversity was measured in the samples con-
taining or taken beside bushy haptophytic Fucus vesiculosus L., which occurred sparsely 
in the area, and introduced small patches of Fucus fauna. In these sites the ubiquitous 
sand-dwelling species were usually also present in unaltered quantities. 
TEMPORAL VARIATION 
Temporal variation in the species diversity was studied on the non-random samples 
from the sites with living eelgrass. The 60 samples of this kind contained 34 of the 
taxa included in this study. 
SEASONAL VARIATION 
The animal diversity of the Zostera marina community calculated on the numerical 
basis was seasonally programmed. H'„ decreased from the high spring values to 
an average of about 1.5 in late summer, increasing to about 1.8 for the winter half 
of the year (Fig. 2). The same pattern was observed in species evenness. The latter 
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Fig. 2. Seasonal variations of animal species diversity (upper) 
and species evenness (lower) of the Zos/era sites in 1968-1971, 
calculated on the basis of numerical abundance (A) and ash-free 
dry weight (B). Vertical line, observed range; horizontal line, 
median; rectangle, 95 % confidence interval of the mean. 
The number of samples in each period is given. 
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reflected seasonal variations in the proportions of the numerically important taxa. 
Three of these varied seasonally, vii. Hydrobia spp., Cerastoderma galaucum (Poiret) 
and Corophium volutator. C. volutator was almost absent from the samples in August—
September, and this was the main reason for the increase in the proportion of the 
other abundant species (Fig. 3). The three most abundant taxa together constituted 
as much as 85 % of all the specimens, thereby causing low species evenness. In the 
other months a correspondingly high percentage was composed by five to six taxa. 
Biomass-based animal species diversity could not be shown to vary seasonally 
(Fig. 2). Irregular variations of Macoma baltica, which on an average alone provided 
more than half of the ash-free biomass, evidently masked the seasonal biomass 
variations of the other taxa. The »swamping» effect exerted on Shannon's index 
by an overwhelmingly dominant species was described by Dickman (1968). 
7 N1 	R1 	F1 	fl 	Pi 100  
6 	=___ 	— 	18 I 
5 --- 
-_ 
2 	 50 
Fig. 3. Seasonal variations in the proportions 
of the constituent taxa in seasonally pooled 
1 	 samples from the Zonera sites in 1968-1971. 
1, Hydrobia spp.; 2, Macoma baltica; 3, Pygospio 
elegans; 4, Corpbium volutator; 5, Mytilus edulis; 
Jun 	Aug 	 olo 	6, Nereis diversicolor; 7, other taxa combined, May 	
Jul Sep Nov 
	Mar 	 their number indicated. 
ANNUAL VARIATION 
The winter samples of March 1970 were not included in the annual analysis of 
species diversity in order to make the results of 1968-1970 comparable. The results 
of 1971 date from June only. 
The slight and gradual increase in H'„ in 1968-1970 (Fig. 4) was explained 
by a decrease in the dominance of Hydrobia spp. (Lappalainen 1973). The average 
annual diversity of 1968, about 1.5, seems to be closest to the »normal» average 
diversity of the fauna of Zostera sites. 
The annual changes of H' b evidently mainly reflected fluctuations in the dom-
inance of Macoma baltica. 
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COMPONENTS OF SPECIES DIVERSITY 
The two components of species diversity were plotted against H'„ and H' 
in order to assess their contribution to the spatial and temporal variation in diversity. 
Spatial changes in H',,, were caused to about the same extent by changes in species 
evenness and species richness (Fig. 5A). One observation was discarded from the 
analysis because of the exceptionally low total abundance (45 ind., versus mean abun-
dance of 215 1 22). Sanders (1968) showed that species diversity as measured by 
Shannon's formula is density-dependent if the total number of animals in the sample 
is less than about 100. 
Temporal changes of H'.,, were predominantly caused by variations in species 
evenness (r = 0.85 versus r = 0.58 for species richness; n = 60, non-random samples 
from Zostera sites). 
The number of species in a sample could furnish only a very poor prediction of 
H' b, both spatially (Fig. 5B) and temporally. In the non-random samples from 
Zostera sites the coefficient of the correlation between H' , and species evenness 
was 0.96. 
A close dependence of changes in within-habitat diversity on changes in species 
richness was reported by, e.g. Tramer (1969, birds, r = 0.97), and Porter (1972, 
corals, r = 0.97). Different results were yielded by investigations of communities 
which sensu Sanders (1968) were predominantly »physically controlled». Sager and 
Hasler (1969) found species evenness to be far more important than species richness 
in determining the diversity of lacustrine phytoplankton. The coefficient of the cor-
relation between H'„ and species richness was not more than 0.78 in the fish data 
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Fig. 5. Animal species diversity in relation to 
the species evenness component and the species 
richness component in random samples of the 
Zonera marina community in June 1971, calcu-
lated on the basis of numerical abundance (A) 
and ash-free dry weight (B). The Pearson prod-
uct moment correlation coefficient, regression 
line, and the theoretical maximum diversity 
corresponding to each number of species in a 
sample are given. 1, discarded observation, 
explanation in text. 
of Bechtel and Copeland (1970) from an area with pollutional stress. In the upper 
reaches of Virginian estuaries Boesch (1972) found both components of species 
diversity to be about equally responsible for the low diversity of the macrobenthos. 
Considering the special character of the Baltic Sea (see Segerstråle 1957), and the 
environmental instability of especially the littoral zone, the Zo.rtera marina community 
might be expected to be among the most typical physically controlled communities 
as regards its diversity pattern. Natural changes in the environment (e.g. in tempera-
ture, salinity and sediment conditions) and external disturbances (e.g. pollution) 
are more likely to change the proportions of the rather well-adapted species of the 
community than to cause marked changes in the number of species. 
CONCLUSIONS 
Shannon's index, calculated on the basis of numerical abundance, was found 
to be sensitive to spatial, seasonal, and annual variations in the macrofauna of a 
Zostera marina community in the northern Baltic Sea. The variability of the species 
diversity was mainly dependent on the species evenness component, which reflected 
changes in the proportions of the more important taxa. It is therefore concluded 
that, in monitoring this community, measurements of species diversity and con-
nected parameters can be used as objective numerical tools to sum up and compare 
large sets of multi-species data. 
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THE EFFECTS OF FERRY TRAFFIC ON ROCKY SHORE 
VEGETATION IN THE SOUTHERN ÅLAND 
ARCHIPELAGO 
Olof Rönnberg 
Institute of Biology, Åbo Akademi, SF-20500 Åbo 50, Finland 
The effects of the wash from ferries on algal belts on rocky shores have been 
studied in the archipelago south of Mariehamn. The vertical extent of littoral 
and sublittoral macroalgae along 10 test lines with different degrees of exposure 
was investigated by means of skin diving. Along the lines directly exposed to 
the fairway hydrolittoral filamentous algae are found at a depth of between 
0.3 and 1.8 m. The normal depth for such algae in the area is 0.2-0.6 m. The 
sublittoral Focus zone has also been displaced as a result. 
With the aid of sampling techniques developed by IBP, the biomass in both 
the hydrolittoral and sublittoral zones was determined along all 10 test lines. 
The biomass on lines directly exposed to the fairway is c. 30 % less in the 
hydrolittoral zone and 50 % Iess in the sublittoral zone than on lines sheltered 
from the ferries' wash. The force of the wash on the shore was measured with 
spring dynamometers at different distances from the fairway. 
In recent years the unfavourable effects of the ferry traffic between Finland and 
Sweden have become more evident in the Finnish archipelago. In particular, the 
strong wash in the vicinity of the fairway has interfered with fishing and similar 
activities. 
In order to obtain some idea of the effect of the traffic on the environment near 
the shore, a study was made of how the vegetation zones on rocky shores were 
influenced by the wash. The algal belts on rocky shores, which have been studied 
in the Baltic by Du Rietz (1930), Waern (1950, 1952) and Ravanko (1968), are known 
to be of great importance for marine primary production. This is especially true 
of archipelagoes, where the shoreline is extremely long. The study area (Fig. 1), 
a narrow part of the fairway south of Mariehamn in the Åland archipelago (northern 
Baltic), is at the moment traversed 13 times every 24 hours by ferries travelling in 
both directions. 
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Fig. 1. The positions of the test lines in the southern Åland archipelago. 
METHODS 
Ten test lines were laid down in the study area (Fig. 1). Six of them (1, 3, 5, 7, 8, 9) are by shores 
directly exposed to the channel, lying at a distance varying between 80 and 500 m from the ferry 
route. The remaining four (2, 4, 6, 10) are by shores sheltered from the fa;rway and with different 
degrees of exposure to natural wave action (see also Fagerholm 1974). 
On all 10 lines the limits of the littoral and sublittoral belts of algae were determined by skin 
diving and by ocular examination from the surface using an underwater viewer. Production was 
estimated on quantitative samples taken with a pleniglass frame in the hydrolittoral zone and a diver-
operated bag in the upper sublittoral zone (Finnish IBP-PM group 1969). The samples were washed 
and sorted and their wet and dry weights determined (Vollenweider 1969; Holme & McIntyre 1971). 
Lines 3 and 4 were studied in greatest detail. These have an almost identical slope and exposure to 
natural wave action. Altogether 10 quantitative samples were taken along each of these lines at 
different times of the year. 
The force of the wash was also measured along the test lines using spring dynamometers (Jones & 
Demetropoulos 1968). These instruments measure the friction of the waves and dynamic pressure 
on the shore, that is the forces that contribute to tear loose anchored organisms. 
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RESULTS 
The most obvious change caused by the traffic is a clear displacement of the 
littoral zones. The geolittoral zone has been greatly extended and is often domi-
nated by a well-developed Verrucaria maura belt. If there are cracks in the rock where 
water can collect, the hydrolittoral zone has been partly raised. For instance on 
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Fig. 2. Lines 3 and 4. The littoral zones on shores in the vicinity of the fairway are clearly displaced. 
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line 1 (Orrskär) typical hydrolittoral algae, such as Cladophora and Enterornorpha, 
are found 4-5 m above their normal limit. However, the real upper limit of the 
hydrolittoral zone along shores exposed to the fairway is 0.1-0.2 m lower than 
usual. In general, hydrolittoral filamentous algae are found along the channel at a 
depth of between 0.3 and 1.8 m, while the normal depth for these species in the 
area is 0.2-0.6 m (Fig. 2). The most noticeable displacement is encountered at 
the boundary between the filamentous algae and Fucus (Fig. 2). The powerful move-
ments of water near the fairway also hinder sedimentation and the lower limit of 
the Fucus zone is deeper here than usual. 
The results of the quantitative samples suggest that rather considerable reduction 
has occurred in the production along shores exposed to the fairway. In such places 
the values obtained for the biomass are 30 % lower in the hydrolittoral zone and 
50 % lower in the sublittoral zone than on shores sheltered from the direct force 
of the wash (Table 1). A further typical feature is that the number of species in the 
hydrolittoral zone is noticeably lower by shores exposed to the fairway. 
Measurements of the strength of the wash on shores directly exposed to the 
fairway show that its effect diminishes very rapidly over -the -first 400 m. Thereafter 
it decreases more slowly with increasing distance so that at approximately 1 500 m 
from the fairway the wash effect is of the same order as that caused by normal water 
movements (Fig. 3). 
TABLE 1. Algal biomass of lines 3 and 4 at the time of the seasonal maximum (July-August). 
Notice the low number of species in the hydrolittoral on line 3. 
Line 	 13 Ängskcr 	 14 B5cmansha1m 
Zone .......... 
Biomass (dry wt) 
Species ........ 
Hydrolittoral 
81.50 g/m2 
Cladophora glomerata 
Dictyosiphon foeniculaceus 
Ceramium tenuicorne 
Rivularia atra 
Hydrolittoral 
112.00 g/m2 
Cladophora glomerata 
Dictyosiphon foeniculaceus 
Ectocarpus confervoides 
Pilayella littoralis 
Eudesme virescens 
Ceramium tenuicorne 
Rivularia atra 
Zone .......... 	Sublittoral (Fucus vesic.) 	 Sublittoral (Fucus vesic.) 
Biomass (dry wt) 391.20 g/m= 	 895.72 g/m° 
DISCUSSION 
The study shows quite clearly that the ferry traffic affects the marine environ-
ment in the vicinity of the shore. The algal belts on rocky shores have clearly been 
displaced, especially the highly productive Fucus zone. The main reason for this 
is probably strong erosion by the ice in winter. This is suggested by the fact that 
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Fig. 3. The strength of the wash at first di-
minishes very rapidly with increasing distance 
a 	from the fairway. Approximately 1 500 m from 
the fairway the wash effect is of the same order 
as that caused by normal water movements. 
during the ice-free winter of 1972-73, 10-30-mm-long Fucus plants were found 
at a depth of 0.5 m on line 3, growing 6 m above the real Fucus zone. 
The severe reduction in biomass is largely due to the stronger wave movements, 
but also to increased abrasion. The passage of vessels through narrow fairways 
causes a powerful pull, which sucks up slime and sand from the bottom near the shore. 
The waves resulting from the wash therefore cause stronger erosion of the shore 
than do normal waves: In estimating the reduction in biomass along the shores of 
the fairway it is of course necessary to bear in mind that the algal belts are wider 
than usual. Since the vegetation in the lower sectors of the hydrolittoral and sub-
littoral zones is very sparse, the coverage being c. 50 % lower than on shores not 
exposed to the fairway, the reduction in production is considerable. 
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THE EFFECTS OF FERRY TRAFFIC ON THE ROCKY SHORE 
MACROFAUNA IN THE SOUTHERN ÅLAND 
ARCHIPELAGO: 1. THE CLADOPHORA ZONE 
Hans-Peter Fagerholm 
Institute of Biology, Åbo Akademi, SF-20500 Abo 50, Finland 
Quantitative macrofauna samples were taken in the Cladophora zone, using an 
acrylic plastic frame (400 cm2). The sampling localities were situated in the 
northern Baltic at different distances from the navigation route used by ferries 
passing regularly through narrow straits in the Finnish and Swedish archipela-
goes. Two localities were investigated monthly for one year. The composition 
of the macrofauna is given. 
The mean biomasses were 1.4 g/m"- (fresh wt) in the locality close to 
the fairway and 19.1 g/m2 in the control locality. The corresponding individual 
numbers were 806/m2 and 7271/m2. 
A simple dynamometer was used to measure the dynamic pressure in 
the swell acting upon the shores at different distances from the fairway. 
The ferry traffic between Finland and Sweden has greatly increased during the 
last ten years. Most of the ferries pass through the Finnish and Swedish archipela-
goes in the northern Baltic. In 1973 some 170 ferries called at Mariehamn, Aland, 
every week. The shores in narrow channels in the archipelago are regularly subjected 
to the swell caused by the ferries, which can be observed more than 2 000 m from 
the fairway. 
The effects of the swell upon the Cladophora zone macrofauna have not been 
studied before, but Jansson (1967) has stressed the importance of this zone as a 
part of the Baltic ecosystem. The influence of wave action on the distribution of the 
littoral animal communities has been examined by Southward and Orton (1954) and 
Riedl (1969), among others. 
Quantitative investigations of the Cladophora zone macrofauna in the Baltic are 
scarce. Jansson (1967, 1970) and Jansson and Matthiesen (1971) have given figures 
for faunal abundance in the Askö area in Sweden. 
It is important to determine the degree of water action exerted on the shore 
at different distances from the fairway in order to examine its relation to the abun-
dance of the macrofauna. 
This investigation was started in 1971. The results of the second part of my 
investigation, which deals with the Fucus zone macrofauna, are in preparation. 
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Fig. 1. The study area with sampling localities. M = Mariehamn. 
STUDY AREA, MATERIALS AND METHODS 
Study area. The study area is situated south of Mariehamn (Fig. 1). The sampling localities chosen 
were as uniform as possible in respect of substrate (smooth rock), slope and orientation. The slope 
was 10° and 12° in localitities 3 and 4 (Fig. 2), respectively. In the other localities the slope varied 
between 300 and 35°, except for locality 9, where it was 15°. The sampling depth averaged 0.35 m in 
locality 3 and 0.3 m in locality 4. In the other localities it varied between 0.4 and 0.5 m. 
The temperature conditions at a depth of 0.2 m at noon f 1 hr are shown in Fig. 3. In winter 
1972-1973 no sea ice was present in the investigation area, which was very exceptional. The salinity 
of the brackish water in the area varies between 5.5 and 6.5 °/00. 
Material and methods. The method used in sampling the Cladophora zone is described by the 
Finnish IBP-PM Group (1969). The sampling area was 400 cm2. One sample was taken from each 
locality at sampling. The samples were sorted and weighed while fresh. The maximum mesh size 
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Fig. 2. View of localities 3 (L 4) and 4 (L 3). Thirteen ferries pass the area daily. 
used in sorting was 0.5 mm. The weighing (total fresh wt) was performed as described by Segerstråle 
(1944). Soft animals to be weighed were first kept on a small piece of plankton cloth, which was put 
on a filter paper. 
One sample was taken at a time because of the local uniformity of the distribution of the fauna 
of the Cladophora zone (Jansson 1967). Monthly samples were taken on the same dates from localities 
3 and 4, during the period May 1972—April 1973. (The nine sampling dates are shown in Table 1.) 
Additional samples were taken from localities 7, 8 and 9 on 11, 13 and 18 July 1972, respectively. 
The results are based on 24 quantitative samples. Eight samples were also analysed in a preliminary 
investigation carried out in 1971. 
The dynamometers, which were fastened at the water's edge, were constructed according to the 
description given by Jones and Demetropoulos (1968), with minor modifications. 
Thirteen ferries passed the investigation area daily. Nine of these passed the area between 14.00 and 
17.00 hr in the afternoon. The rest passed between 1.45 and 5.00 hr in the early morning. The sampling 
always took place between 11.00 and 13.45 hr, when the sampling sites had not been disturbed by 
traffic for at least 6 hours. 
RESULTS 
The monthly samples from the Cladophora zone in localities 3 and 4 gave the 
following results: The average density of the macrofauna in locality 3 was 806/m2. 
The corresponding figure in locality 4 was 7 271/m2. The average biomass was 1.4 
g/m= in locality 3 and 19.1 g/m ° in locality 4. 
Fig. 4 shows the total number of specimens in single samples from localities 
3 and 4 (400 cm'). The greatest number of animals found in a sample in locality 3 
LOC 4 
Ind. /400 Cr,,' 
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Fig. 3. Temperature at 0.2 in during the study 
period. No sea ice was present in winter 
1972-1973. 
was 99 specimens. The corresponding number in locality 4 was 1 334 specimens. 
In locality 3 there were more than 20 animals present in only three samples, while 
in locality 4 there were more than 100 specimens present in six samples (Table 1). 
Table 1 also presents the percentage composition of the specimens as well as the 
total biomass and the percentage biomass composition. Fig. 5 shows the total bio-
mass in single samples. 
The abundance of the macrofauna per 10 g of vegetation (fresh wt) in localities 
3 and 4 is given in Fig. 6; the average values are 29/10 g veg. and 235/10 g veg., 
respectively. 
The numbers of individuals at localities 7, 8 and 9 were (400 cm2) 75, 240 and 400, 
respectively. The corresponding biomass figures were 0.205, 0.622 and 1.276 g. 
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Fig. 4. Total number of animals in monthly 
samples in localities 3 and 4 (— = no 
macrofauna present). 
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Fig. 5. Total biomass in monthly samples 
in localities 3 and 4 (fresh wt) (— = no 
macrofauna present). 
TABLE 1. Number of specimens in each monthly sample (left) and total biomass (right). 
Date 
1972 1973 I 	Total 
ind. 
% 
distr. 
Total 
g (fw) disyr. 25.05. 	1 20.06. 	1 20.07. 	1 15.08. 	I 	18.09. 	1 16.10. 	1 28.11. 04.01. 	I 	13.04. 
Exposed loc. L3 
Prostoma obscurum ............. 1 1 0.3 0.003 0.6 
Turbellaria sp .................. . 
Theodoxus fluviatilis 	............ 2 2 0.7 0.016 3.1 
Hydrobia sp . 	.................. . 
Lymnaea peregra 	............... 
Mytilus 	edulis 	.................. 1 1 2 4 1.4 0.025 4.8 
Cardium sp . 	.................... 7 7 2.4 0.008 1.6 
Idotea sp ....................... 1 3 4 1.4 0.016 3.1 
Jaera 	albifrons-gr . 	.............. 1 3 1 5 1.7 0.001 0.1 
Gammarus sp ................... 8 52 9 7 76 26.2 0.288 56.2 
Chironomidae 	.................. 7 45 54 8 65 9 3 191 65.9 0.156 30.5 
Pisces 	......................... 
Other......................... 
Tota 15 99 77 8 69 19 3 290 0.512 
Control loc. L4 
Prostoma 	obscurum 	............ 7 1 1 9 0.3 0.028 0.4 
Turbellaria 	sp . 	................. 1 13 3 17 0.7 0.039 0.6 
Theodoxus fluviatilis 	............ 3 23 32 4 1 63 2.4 1.824 26.3 
Hydrobia sp .................... 1 11 101 22 82 5 1 223 8.6 0.251 3.7 
Lymnaea peregra ................ 4 7 10 13 8 1 43 1.6 0.570 8.3 
Mytilus 	edulis 	.................. 1 636 21 12 7 15 692 26.3 0.249 3.6 
Cardium sp . 	.................... 1 299 45 20 3 2 370 14.2 1.344 19.5 
Idotea sp ....................... 32 39 7 5 83 3.2 0.160 2.3 
Jaera 	albifrons-gr . 	.............. 32 8 13 26 5 10 2 96 3.7 0.044 0.7 
Gammarus sp ................... 24 32 36 25 7 102 23 18 267 10.2 1.765 25.7 
Chironomidae 	.................. 5 245 84 58 85 2 39 64 582 22.3 0.327 4.8 
Pisces 	......................... 1 1 0.0 0.252 3.7 
Other 	......................... 87 26 2 46 162 6.2 0.020 0.3 
Total 37 392 1 334 222 275 127 136 84 2 607 6.875 
w 
w 
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Fig. 6. Numbers of macroscopic animals per 10 g vegetation (fresh wt) in monthly 
samples in localities 3 and 4. (— = no macrofauna present) 
The degree of wash action upon the dynamometers at different distances from 
the passing ferries was measured in localities 7, 8 and 9 (distance from the fairway 
100, 300 and 500 m, respectively). The average maximum dynamic pressure in 
locality 7 was 0.12 kg/cm2 (max. 0.16 kg/cm2). The corresponding values in local-
ities 8 and 9 were 0.06 kg/cm2 (max. 0.09 kg/cm2) and 0.04 kg/cm2 (max. 0.06 kg/cm'-), 
respectively. These values are based on 8, 8 and 3 readings in the respective local-
ities. The ferries passed the area at a speed of 17 knots. See also Rönnberg (1975). 
DISCUSSION 
The results can in part be compared with those published by Jansson (1967) 
and Jansson and Matthiesen (1971). In the first paper the average density given for 
macroscopic animals in the Cladophora zone is 176/400 cm2. In the second paper 
the numbers of arthropods and chironomid larvae are 200-1 200/400 cm2. The 
corresponding results in my investigation (arthropods and chironomid larvae in 
July and August samples) are 83 individuals in locality 3 and 254 in locality 4. These 
results show a clear reduction of animals in locality 3. 
A strong reduction in numbers and biomass in the localities situated close to 
the fairway is shown by the monthly sampling (Table 1). The potential values are 
reduced by as much as 90 %. This decrease is not only due to the reduced vegetation 
biomass in these localities (Fig. 6). 
Chironomid larvae and Gammaridae are dominant in locality 3 (Table 1). These 
animals are better fitted to withstand strong water pull than any other macroscopic 
animal. However, the number of gammarids is lower than in localities exposed to 
normal wave action (Jansson & Matthiesen 1971). This must be explained by the 
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strong wash on the fairway shore, the effect of which is increased by the abrasive 
action of suspended particles on the fauna. The following species were completely 
or almost missing: Turbellaria sp., Theodoxus fluviatilis (L), Hydrobia sp. and Lym-
iiaea peregra (Muller), which resulted in a lower species diversity. 
A seasonal mass occurrence of young Mytilus edulis and Cardium sp. was ob-
served in August in the control locality (Table 1). Idotea sp., Theodoxus fluviatilis 
and Turbellaria were absent in late autumn. Gammaridae, chironomid larvae and 
Jaera sp. were regularly present in winter. No animals were present in May 1972 
owing to the absence of vegetation, which is normal in winter in the Cladophora 
zone (Jansson 1970). The results from the localities sampled only once, although 
not significant, add to the picture received from the monthly sampling. 
The dynamic pressure of the wash is markedly reduced at distances of more 
than 400 m from the fairway. The reduction of the macrofauna in localities in the 
vicinity of the fairway extends along a considerable length of shoreline in the archi-
pelago. Several of these animal species are dependent on the primary production in 
this zone (Ravanko 1969 and Jansson 1971). A decrease in the macrofauna of the 
Cladophora zone may be expected to have an effect on the deeper littoral communities 
and to be reflected at higher trophic levels of the food chains. 
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NOTES ON THE SEDIMENTATION OF PARTICULATE 
ORGANIC MATTER IN A BALTIC COASTAL ZONE 
(Preliminary report) 
Bo G. Nyqvist 
Department of Zoology and the Askö laboratory, S-113 86 Stockholm, Sweden 
An attempt was made to estimate the amount of particulate organic matter sedi-
menting in a coastal zone of the northern Baltic. The sampling station is located in 
the Askö area at a depth of 40 m. 
The sedimenting material was collected in sedimentation tubes, with a diameter 
of 29 mm and a length of 200 mm, placed in groups of four 10, 20, 30 and 38 m below 
the surface and exposed for not more than 14 days if possible. The dry weight and 
the C, N and P contents of the four samples were determined, wet analysis being 
performed. 
The amount of particulate matter collected in the tubes at 20 and 38 m gives sedi-
mentation rates of 5 mm and 11-12 mm year-1, respectively, if density is assumed 
to be 2.5 and the water content 75 %. 
The figure of 3.0 kg m-2 year -i for the 20 m level conceals a considerable seasonal 
variation during 1971. Only 9 % of the annual value was sedimented in spring (April—
June); 16 % settled during the summer (July—September) and the main bulk, 50 %, 
in October—December. The remaining 25 % was trapped during January—April 
1972. 
The annual pattern of the N and P contents was similar to that of the dry weight. 
The C content varied less throughout the year. The organic fraction of the trapped 
material was large in summer (7 %) and smaller in autumn (2.4 %). The high dry 
weight values and the low organic content during the stormy period in October—
December are due to the great turbidity of the whole water column. Settled material 
was stirred up from the bottom and became suspended again. Such resuspension 
also caused the large amount of material caught at the lower levels. Another indication 
of the circulation of sedimented material is the occurrence of true bottom-living 
species, e.g. nematodes, in the meiofauna at the 10-m level. 
According to the N and P determinations, the N/P ratio of the material decreases 
with depth, which may indicate that N is regenerated faster than P. 
A more detailed account of the investigation will be published in »Contributions 
from the Askö Laboratory» (in prep. 1974) where an off-shore station will also be 
discussed. 
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BENTHIC MACROALGAE INDICATING CHANGES IN THE 
TURKU SEA AREA 
Maija Peussa and Orvokki Ravanko 
Department of Botany, University of Turku, SF-20500 Turku 50, Finland 
The algal species and vegetation were studied during the summer of 1972 around 
the island of Ruissalo, in the vicinity of Turku. In addition, the distribution 
and occurrence of Fucus vesiculosus and its epiphytic species were studied in 
the Hirvensalo-Satava area. Attention was paid to the changes which had taken 
place in the vegetation during the last 20 years. 
Enteromorpha had increased and, as a result, many marine brown algae had 
completely or almost disappeared from Ruissalo. The landward limit of Fucus 
vesiculosus had moved seawards. The charophytes had also almost completely 
disappeared from Ruissalo. 
It is believed that the changes in the vegetation are due to changes in the 
sea area caused by pollution, e.g. the increased contents of organic matter, 
nitrogen, and phosphorus in the sea water. However, in some places algae 
are also destroyed mechanically by man. 
About twenty years ago the aquatic plants of the sea area in the vicinity of Turku 
were studied by Haverinen (1954) and Andersson (1955). The studies of Haverinen 
mainly dealt with aquatic phanerogams around the island of Ruissalo, but he also paid 
attention to some common and easily recognizable macroscopic algae. Andersson 
studied the macroscopic algae of Ruissalo. About ten years later, Kaskinen (1963) 
made investigations at Airisto, the open sea area outside Turku. Information con-
cerning the quality of the water (temperature, salinity, stratification, Oo concen-
tration, contents of organic matter, phosphorus, nitrogen, oil and phenols) is avail-
able from 1965 onwards (Jumppanen 1970). 
The aim of the present study is to examine and attempt to explain the changes 
which have taken place in the macroscopic algal flora during the last 20 years. 
MATERIAL AND METHODS 
During the summer of 1972, a list was compiled of the macroscopic algae occurring on the shores of 
Ruissalo (Fig. 1), and note was taken of the associations that they form. Special attention was paid 
to the landward limit of Fiscus vesiculosus and to the epiphytic species occurring on it. Investigations 
were also made in the Hirvensalo-Järvistensaari area and on the west side of Satava. 
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Fig. 1. The former and present distribution of Ficus vesiculosus in the 
Turku sea area. The landward limit of Faxs vesiculosus, according to 
Haverinen (1954) and Andersson (1955). The present landward limit 
of Fusu vesiculosus, according to studies by Peussa and Ravanko (1972). 
The black line along the coast shows the distribution of Fucus vesiculosus 
by the shores of Ruissalo according to Haverinen (1954). The black 
dots show the localities where Hoas vesiculosus occurs according to the 
studies by Peussa and Ravanko (1972). The three dots on the north side 
of Ruissalo indicate only a few small individuals. 1 = Hiiriluoto, 
2 = Santala, 3 = Kolkka, 4 = ICrottila Bay, 5 = Pikku Pukki, 6 = 
Rautakari, 7 = Kuuva, 8 = Laurinkari, and 9 = Haarlansalmi. 
OBSERVATIONS 
The increase of Enteromorpha and other saprobic algae. Twenty years ago 
(Haverinen 1954) Enteronorpha was already one of the most typical algae in the 
eastern part of Ruissalo and occurred all around the island. During the summer of 
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1972, Enteromorpha was the most abundant alga on all the shores of Ruissalo. Dic-
tyosiphon foeniculaceus had disappeared from the hydrolittoral belt, and Pilayella litto-
ralis and Cladophora glomerata had also diminshed. 
In addition to Enteromorpha, an occurrence of its related species, Capsosiphon 
fulvescens, was noticed at Kuuva, and extensive occurrences of Ulothrix were seen 
on rocks and stones in the western part of Ruissalo. 
Changes in the landward limit of Fucus vesiculosus. According to Haveri-
nen (1954, map 13) and Andersson (1955), the landward limit of Fucus vesiculosus 
ran across the island of Iso Pukki in a north-south direction and across the south 
side of Ruissalo in the eastern part of Krottila Bay. On the north side of Ruissalo, 
the innermost Fucus plants were seen near Hiiriluoto. South of Iso Pukki, the limit 
ran east of the skerry Rautakari to Hirvensalo (Fig. 1). Herbarium specimens (Anders-
son, TUR) show that 20 years ago fertile plants of Fucus vesiculosus were growing 
attached to the substrate in Krottila Bay and near Iso Pukki. About 10 years later, 
Kaskinen (1963) reported Fucus from Viittakari and Kuivakari. During the summer 
of 1972, Fucus stands were seen only in the western part of Ruissalo at Kolkka 
and Kuuva. A few single individuals were observed on the northwest side of Ruis-
salo (Fig. 1). Ficus had also disappeared from Viittakari. At present, the landward 
limit of Fauns runs from Ruissalo (Kolkka and Kuuva), continuing south of Viit-
takari to Laurinkari and from there to Haarlansalmi (Fig. 1). 
The epiphytic algae on Fucus vesiculosus. According to earlier investiga-
tions (Andersson 1955), the most common epiphytic algae on Fucus vesiculosus were 
Cladophora glomerata, Pilayella littoralis and Enteromorpha sp. However, the marine 
brown algae Elachista fucicola and Dictyosiphon foeniculaceus also occurred on Fucus 
vesiculosus, and according to Haverinen (1963), they were growing as far landwards 
by Ruissalo as in Krottila Bay. 
During the summer of 1972, no traces of Elachista fucicola and Dictyosiphon foeni-
culaceus were seen in Ruissalo. Pilayella littoralis and Fucus vesiculosus had diminished, 
and Ceramium tenuicorne was also very rare, although it is a typical epiphyte on Fucus 
south of the Turku sea area. Pilayella littoralis and Ceramium tenuicorne were mainly 
seen on Potamogeton pectinatus. Ceramiu n tenuicorne was also well developed on Phrag-
mites tommuns. 
The disappearance of Chorda filum. Chorda fl/uns was a common alga off the 
western part of Ruissalo, according to Haverinen (1954, map 11), and it was even 
observed off the east of Ruissalo, near the harbour. But during the summer of 1972, 
only a few reduced plants were seen by the westernmost part of Ruissalo. 
Change in the occurrence of charophytes by Ruissalo. About twenty years 
ago (Haverinen 1954), Chara aspera, C. baltica, C. vanescens, C. tomentosa, and Toly- 
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pella nidifica were especially common. During the summer of 1972, only two reduced 
plants of Chara aspera were observed by Ruissalo in Krottila Bay. 
New marine brown and red algae by Ruissalo. The brown algae Desmotrichum 
undulatum (J.G.Ag.) Reinke and Leathesia difformis (L.) Aresch. have not been re-
ported before from Ruissalo. During the summer of 1972, they were noticed growing 
epiphytically on Potamogeton pectinatus off the western part of Ruissalo (Kuuva, 
Kolkka and Santala). Leathesia difformis was very small and sterile, but Desmotrichum 
undulaturs formed broad ribbons with numerous plurilocular reproductive organs. 
Polysiphonia nigrescens (Smith) Grey. had not been observed before either by Ruis-
salo. During the summer of 1972, it was seen twice. It was dredged from a depth 
of 6-8 m at Rautakari (one specimen, length ca. 5 cm) and at Kuuva (a few spec-
imens, length ca. 2 cm). 
DISCUSSION AND CONCLUSIONS 
According to Häyren (1910, 1921, 1923, 1932, 1937 and 1944), Enteromorpha 
grows in polluted waters near harbours and sewage outfalls and inhibits the growth 
of other algae. The excessive growth of such algae as Enteromorpha is certainly re-
lated to the direct uptake and utilization of organic wastes. Enteromorpha shows 
rapid accumulation of amino acids from dilute solution, and assimilation is also 
rapid (North et al. 1972). In addition to Enteromorpha, both Ulothrix and Capsosi-
phon are considered to be saprobic, according to Häyren (1921, 1923, and 1944). 
It is probable that these two algae are also capable of utilizing organic wastes. 
The studies of North et al. (1972) show that red and brown algae are notable 
for their absence from contaminated waters, most probably owing to the fact that 
they have little or no ability to take up organic nutrients. Most of the brown and 
red algae are marine species which are living at the Iimit of their distribution in the 
SW archipelago of Finland and in the Baltic and are, therefore, very sensitive to all 
kinds of harmful changes in their environment. The same species were observed 
by Grenager (1957) to tolerate much more pollution in Oslofjord than in the areas 
near Helsinki studied by Häyren. However, the brown alga Chorda filum tolerated 
only a small amount of pollution even in Oslofjord. Twenty years ago, Chorda filur 
was typical on the shores of Ruissalo, but now it has almost completely disappeared. 
The most obvious changes in the area studied were the diminution of Fiscus 
vesiculosus and the seaward shift of its landward limit (Fig. 1). It is very likely that 
the pollution of the water, perhaps combined with increasing turbidity, affects the 
distribution of Fiscus vesiculosus. Its present landward limit coincides approximately 
with the outer border of the highly eutrophied area (Jumppanen 1972). In many 
places Focus stands are also destroyed mechanically by man. In Hirvensalo (SW 
side) and Satava (N side, near Järvistensaari) people were seen (July 1972) »cleaning» 
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the shores of their summer houses by destroying F. vesiculosus. The species is further 
disturbed by swimming and boat traffic. The fragile charophytes also suffer from 
human activities and their disappearance from Ruissalo might be due to the high 
nutrient level of the water in the Turku sea area, especially to the high phosphorus 
content (Jumppanen 1970). Forsberg (1965) noted a negative correlation between 
the charophyte vegetation and the phosphorus content of the water. He also observed 
that charophytes were absent from lakes with higher nutrient levels. 
It is unlikely that the pollution of the Turku sea area has favoured the distribution 
of the three new marine algae Desmotrichum arndulatum, Leathe.ria difformis and Poly-
siphonia nigrescens in Ruissalo. They probably already occurred in Ruissalo 20 years 
ago, but were overlooked because of their small size and unimportant role in the 
vegetation. 
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ALGAL ZONATION ON ROCKY SHORES OUTSIDE 
HELSINKI AS A BASIS FOR POLLUTION MONITORING 
Leif Lindgren 
City of Helsinki Building Office Water Conservation Laboratory, SF-00250 Helsinki 25, Finland 
At the beginning of the 1980s the City of Helsinki will start to discharge its 
chemically purified sewage by the island of Katajaluoto, situated in the outer 
archipelago about 6 km outside Helsinki. The wastes will consist of the sewage 
of one million people. Since the direction of the prevailing currents outside 
Helsinki is mostly from east to west, the peninsula of Porkkala, west of Helsinki 
will be most affected by the waste waters. A network of permanent observation 
stations has been established, at which the vertical distribution of the algal 
communities will be observed, the vegetation being analysed and photo-
graphed, and qualitative sampling performed along underwater transects (by 
diving). 
The three typical vertical vegetation belts of the Baltic (green, brown and 
red algal belts) cannot be distinguished in the most polluted (eutrophied) 
district (the inner archipelago of Helsinki). Elsewhere, slight deviations from 
the normal species composition of the Baltic can be observed, but the three 
algal belts are represented. The ecology and relative abundance of the individual 
species also differ from those in clean areas of the Baltic. 
The present study is part of combined botanical and zoological research work 
concerned with monitoring pollution at permanent observation points established 
outside Helsinki, and was carried out in accordance with a research program of 
the Water Conservation Laboratory of the City of Helsinki. 
The study was initiated as a result of the decision to construct a long sea outfall 
for the sewage of Helsinki and its surroundings. It is expected that this outfall will 
be in use by the beginning of the 1980s, when the chemically purified sewage of 
nearly one million people will be discharged into the outer archipelago in the Gulf 
of Finland, 6 km outside Helsinki (Fig. 1). Since the direction of the prevailing 
currents outside Helsinki is mostly from east to west, the peninsula of Porkkala, 
west of Helsinki, will be most subjected to the influence of the waste waters. The 
peninsula of Porkkala and its archipelago in the commune Kirkkonummi is one of 
the most important recreation areas in the immediate neighbourhood of Helsinki. 
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Fig. 1. The monitoring network of permanent observation areas in Helsinki and its neighbourhood. 
Each point on the map corresponds to an observation point in the study. The end of the planned 
sewage tunneFis indicated by an arrow. See text for further explanation. 
METHODS 
Fourteen observation points have been established for monitoring potential »creeping» pollution 
outside Helsinki. Four (nos. 1-4) are located west of the town on the side of the Porkkala peninsula 
facing Helsinki; six (nos. 5-10) lie in Helsinki and four (nos. 11-14) east of the town in the archi-
pelago of Sipoo (Fig. 1). At each observation point the following work has been carried out: 
1. The algal zonation was mapped along a vegetation transect. 
2. Three quantitative samples were taken along the transect, one in the Cladophora belt, one in the 
F.lLEfs belt and one in the red algal belt. 
The sampling and the treatment of the samples were mainly performed by the methods developed 
by the Finnish IBP-PM Group. The biomasses of both animals and plants were determined by species. 
3. Transparency and temperature were measured. Water samples were taken for determining total 
phosphorus, total nitrogen and salinity at the observation points lying outside the normal sampling 
network of the Water Conservation Laboratory, i.e. in Porkkala and Sipoo. 
In this paper attention is focussed on item 1, the algal zonation. The results are only preliminary, 
since the study is still in progress. 
In order to decrease the number of variables affecting the algal zonation, only rocky bottoms 
with fairly steep north-facing slopes were chosen. A 50-m rope was stretched along the bottom at 
right angles to the shore, and the vegetation was analysed in 1-m2 frames laid along the rope. The 
coverage of the various species was recorded. Qualitative algal samples were taken to be checked in 
the laboratory. In transparent water the transect was photographed at different depths. The depth 
was determined by means of an ordinary depth indicator. The method is quite subjective, but the 
346 
results are comparable if the work is performed by the same person within a relatively short period 
of time. 
In judging whether an area is polluted or not, the following questions arise: What does the normal 
algal zonation look like in the observation area. How does it vary in the different archipelago zones. 
Which deviations from the normal zonation and species composition are due, for example, to differ-
ences in exposure, the substratum or the slope of the bottom, and which to an increase in the nutrient 
content of the water. I have found only some scattered information on these questions in the literature 
and no satisfactory answers to the current problems in this part of the Baltic. 
EFFECT OF SEWAGE POLLUTION UPON ALGAL ZONATION 
The following deviations from the normal algal zonation are observable in areas 
outside Helsinki affected by waste waters: 
1. The three algal zones typical of this part of the Baltic are incompletely de-
veloped or one or two of them are absent; 
2. Differences are found in the abundances of the common species as well as 
in their ecology; 
3. Organisms indicative of eutrophy occur. 
Outside Helsinki it is possible to trace a decreasing pollution gradient from the 
inner to the outer part of the archipelago. The water at the innermost observation 
point (Fig. 1, no. 5) is heavily polluted and the zonation disturbed, only one of the 
normal algal belts of the Baltic, vii. the Cladophora belt, being represented. The 
transects at the two succeeding points (Fig. 1, nos. 6 and 7) show less pronounced 
disturbance and deviation in the quantitative relations of the green, brown and red 
algal belts, and are characterized by the occurrence of organisms indicative of eutro-
phy (epiphytic and epilithic Enteromorpha spp. and epiphytic Cladophora glomerata) 
and the absence of important species from the red algal belt, e.g. Ceramium temuicorne 
and Furcellaria fartigiata. The two innermost transects in the outer archipelago (Fig. 
1, nos. 8 and 9) are largely normal, but show minor deviations, such as the occur-
rence of the indicator organisms mentioned above, the unusually abundant occur-
rence of Cladophora glomerata and Polyciphonia nigrescens at the transition zone between 
the Fucus and the red algal belt and a mass occurrence of Sphacelaria arctica. 
At the outermost transect (Fig. 1, no. 10) outside Helsinki no deviations caused 
by pollution could be noticed. 
DISCUSSION 
The extent and general development of the red algal belt seem to give the best 
indication of the degree of pollution. This may be due to the fact that the red algal 
belt is the most sensitive to decreases in transparency caused by plankton blooms 
and suspended organic particles and to increased sedimentation. The dominant 
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perennial species Sphacelaria arctica and Furcellaria fastigiata are well suited to reflect 
gradual changes, since they are not too greatly affected by seasonal changes or ex-
posed to permanent swell. 
To a certain extent the same applies to the Fiscus belt, which does not seem to 
be favoured by eutrophication either, whereas the Cladophora belt evidently is. 
Species favoured by eutrophication include Enteromorpha spp. and Cladophora glome-
rata, appearing both epiphytically and epilithically. Pilayella littoralis and Sphacelaria 
arctica are apparently favoured by sewage pollution to some extent. On the other 
hand, it seems that Polysiphonia violacea and to some degree Cerarniuns tenuicorne avoid 
polluted areas. 
Conclusive results will only be obtained when the field work is repeated after 
the sewage tunnel at Katajaluoto (Fig. 1) has been in operation for some time, at 
the earliest in the mid 1980s. It is planned to repeat the study once every fifth year. 
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FLORA AND VEGETATION IN THE COASTAL WATERS OF 
WESTERN ESTONIA 
T. Trei 
Tallinn Department of the Baltic Fishery Research Institute Tallinn, 200001 Estonian SSR 
On hard bottoms on the Estonian west coast, the phytobenthos reaches a 
depth of 10-12 m in the bays and 18-20 m in the open sea. The floristic list 
from these coastal waters contains 87 taxa of algae and 15 taxa of flowering 
plants. The numbers of taxa found in the phyla occurring in the area were as 
follows: Cyanophyta — 32, Chlorophyta — 17, Charophyta — 5, Phaeophyta -
17 and Rhodophyta —16. Thirteen plant communities of hard and soft bottoms 
were distinguished on the basis of the floristic composition, dominant species 
and ecological conditions. Estimates of the standing crop of some species are 
given. 
The study area comprises the coastal waters of western Estonia and the archi-
pelago, reaching from the north coast of the Hiiumaa and Vormsi Islands to Ruhnu 
Island and Heinaste. Some information on the macroscopic algae of this area can 
be found in the literature. Gobi's (1874, etc.) studies on the brown and red algae 
of the Gulf of Finland include some remarks on the algae collected in the coastal 
waters of western Estonia (in the vicinity of Vormsi and Haapsalu and in Kures-
saare Bay). The dwarf forms of Fucus vesiculosars in Kuressaare Bay were investigated 
by Artsikhovski (1905) and the red algae harvested commercially in Kassan i Bay 
were studied by Kireyeva (1961, 1964). Several authors have made observations 
on the algae washed ashore or growing inshore (Gröntved 1927, Eklund 1928, 
Häyren 1931, etc.). 
The material was collected from 774 stations in 1959-1970. The investigations were carried 
out by skin divers (at 290 stations) or by dredging (at 344 stations) at the deeper stations; 140 stations 
were situated in shallow waters with a depth of about 1-1.2 m. In addition, the algae that are used 
commercially were investigated in 1962-1970 at 514 diving stations located in Kassani Bay. 
The investigations mainly consisted of direct underwater observation of plant communities 
by a diver equipped with an aqualung. 
On the basis of the environmental conditions, the study area can be divided into three subareas: 
the open sea, the Gulf of Riga and the Väinameri (i.e. the area between Saaremaa, Huumaa and the 
mainland). The shores of the open sea are widely exposed to waves and here the water transparency 
and salinity are comparatively high but the temperature in the bottom layers is low. The Gulf of 
Riga is a relatively isolated and shallow body of water. The Väinameri is a shallow and sheltered 
subarea, the prevailing depth being less than 10 m. 
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In the coastal waters of western Estonia the bottom vegetation is comparatively 
abundant. The soft bottoms in sheltered bays are more or less covered with plants. 
However, plants are absent from the sediment bottoms of the exposed localities. 
The floristic list of the area contains 87 taxa of algae: Cyanophyta — 32, Chloro-
phyta — 17, Charophyta — 5, Phaeophyta — 17, Rhodophyta — 16, and 15 taxa 
of phanerogams. 
The most common algal species are: Cyanophyta — Rivularia coadunata f. coadu-
nata, Chlorophyta — species of Cladophora and Enteromorpha, Charophyta — Chara 
aspera, Phaeophyta — Fucus vesiculosus f. vesiculosus, Sphacelaria arc/lea, Pylaiella lito-
ralis, Rhodophyta — Polysiphonia nigrescens, Ceramium tenuicorne, Furcellaria fastigiata 
f. fastigiata. The most common phanerogam species is Potamogeton pectinatus. 
New for the Estonian flora are: 
Chactomorpha linum 
Rhizoclonium implexum 	 Polyides rotundus 
Entonerna oligosporum Harveyella mirabilis 
Sphacelaria arctica f. plumigera 	 Callithamnion roseum 
Myrionema sp. 	 Polysiphonia atrorubescens 
(Specimens of the genus Polysiphonia without a cortical layer and reproductive 
organs and with 8-9 spirally curved pericentral cells were regarded as belonging 
to P. atrorubescens). 
On the shores of Estonia the zonation of the vegetation is often poorly defined 
or is almost absent. It may be noted that investigations have usually been made in 
the summer months and therefore most of the spring algae have not been recorded. 
The communities of Enteromorpha and Cladophora occur on the larger, firmly 
fixed stones or rocks, and on moles and other similar structures in harbours. Pre-
sumably they belong to the lower hydrolittoral belt. In the very exposed areas a 
quasi-littoral belt may be distinguished (Schwenke 1966), i.e. the belt of shallow water 
stretching from the water-line to a depth of 0.5-1.5 m, where there are no distinct 
plant communities because of ice and wave action. 
On the basis of the floristic composition, dominant species and ecological re-
quirements, 13 plant communities were distinguished, 11 of them belonging to the 
sublittoral belt. 
In the upper sublittoral on hard bottoms the Face/urn vesiculosus association and 
its epiphyte-rich variant are extensively distributed. Elachista fucicola, Pylaiella lito-
ralis, Ceramniu n tenuicorne and Ectocarpus confervoides s. sir. grow on Fucus as epiphytes. 
The last three species may also occur on stones. This community is distributed 
everywhere where there are favourable substrata and suitable light conditions. 
The plants of this community support wave action well and are also found in ex-
posed localities. In the open sea with good water transparency the Fucetuv., can 
occur down to a depth of 8-9 m, elsewhere it stretches to a depth of 5 m. It is absent 
from the mouths of rivers where the salinity is lower than 5 °/ o o. 
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In the lower sublittoral of the open sea, on hard bottoms, the Hircellariecum fas-
tigiatae association and its variants have an extensive area of distribution. This com-
munity occurs at depths of 4-14 m, the salinity of the water being mostly 6.8-
7.2 0/ oo. The substratum is stones, and to a lesser degree also coarse gravel and lime-
stone. 
On the western shore of the Sörve peninsula, in an area of 30 km', the standing crop 
of Furcellaria was estimated at 12 000-15 000 tons in gross weight. Unfortunately 
the uneven, stony sea bottom makes the harvesting of the algae difficult. Elsewhere 
the standing crop of attached Furcellaria is insignificant. Seventeen taxa were re-
corded in 50 releves made in the area of this association, 7 of them being accidental, 
with a constancy lower than 20 %. The average number of taxa in a releve was 6.3. 
In addition to Furcellaria, the most constant species are Polysiphonia nigrescens 
(92 %) and Phyllophora brodiaei f. angustissima (74 %). In the Sörve district, Rhodo-
mela confervoides and Ceramium rubrum had a high constancy (87.5 % and 75 % re-
spectively), although rarely met with in other areas. Important subdominants were 
Polysiphonia nigrescens, Ceramium rubrum and Rhodomela confervoides. The variants of 
Furcellarietum were distinguished on the basis of these subdominants. 
In addition to the separate associations of Fucus and Furcellaria, a community 
containing both these species occurs on hard bottoms in the northern and north-
western coastal waters of Hiiumaa and Vormsi. The differences in ecological con-
ditions between the areas of the Furcellaria association and those of the mixed com-
munity are relatively small. In the area of the last-mentioned association the depth 
is 4-10 m and the salinity 6.8-7.1 °/ o o. 
The community is usually two-layered. The height of the Fucus layer is 30-40 
cm and that of the Furcellaria layer 7-10 cm, one of the layers is usually discon-
tinuous. 
In places Furcellaria does not form a lower layer, but grows on the tops of stones, 
whilst Fucus is attached to the lower parts of stones. In places abundant epiphytes 
occur on the dominant algae. 
The floristic list of the association contains 20 species recorded in 18 releves. 
On average there were 8.4 taxa in a releve. This is the highest average number of 
species recorded for the communities studied. 
On the flat limestone bottom of the bank of Hiiumadal and on the stones in 
the surrounding area the Ectocarpeto-Pylaielletum association occurs at depths of 
4-16 m. 
In this area the salinity of the water is over 6.5 °/oo. The community has a very 
distinctive physiognomy and is very uniform throughout its area of distribution. 
Tufts of Ectocarpus confervoides s.str. and Pylaiella litoralis cover the bottom densely 
and uniformly, resembling greenish-brown cotton wool and being firmly attached 
to the bottom. On limestone the plant cover is almost constantly 100 %, on stones 
the vegetation is rather sparse. The plants are always overgrown with a dense cover 
of diatoms. The floristic list contains 18 species, recorded in 16 localities. Eleven 
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of them were accidental, occurring in only 1 or 2 localities. The most constant species 
are Ceramnium tenuicorne (76.5 %) and Stictyosiphon tortilis (52.9 %). On average there 
were 4.5 taxa in a releve. The hard bottoms in the deepest areas are occupied by 
the Sphacelarietum arcticae association. 
On the soft bottoms in shallow waters the Charetum asperae association and its 
epiphyte-rich variant (Cladophora glomerata and RhiZoclonium ripariura) occur. The 
Charetum tomentosae association can be found to a lesser extent in the same places. 
The Zosteretum marinae association occurs on sandy bottoms at depths of 2-6 m and 
a salinity of about 7 0/ o o. The study area contains no extensive underwater meadows 
of Zostera, only small patches with an area of a few square metres. 
In the sheltered bays of Väinameri communities of loose-lying algae occur. At 
depths of 2-5 m there is a community of dwarfed Fucus vesiculosus. A community 
of the loose-lying red algae Furcellaria fastigiata and Pbyllophora brodiaei f. ang.tislis-
sima is found in Kassari Bay in Väinameri at depths of 5-9 m. The area of the loose-
lying red algae is about 110 km2 and their total biomass is about 88 000 tons. Fur-
cellaria dominates in the centre of the area and Phyllophora in the outlying districts. 
In addition, some species of red and brown algae, as Polvides rotundas, Polysiphonia 
nigrescens, Callithamnion roseum and Sphacelaria arctica, frequently occur in small 
amounts. 
Pure Furcellaria or a mixture of algae containing 20 % Phyllophora can be used 
for estagar production. About 25 000-35 000 tons of this seaweed are available. It 
has been harvested since 1966, the annual yields amounting to 800-1 200 tons. 
The loose-lying algae are mobile, being transported by wave action and currents. 
Therefore, their area of distribution, the importance of the dominant species and the 
degree of plant cover can vary considerably from one year to the other. 
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THIRD BALTIC SYMPOSIUM ON MARINE BIOLOGY 
CLOSING REMARKS 
The following remarks reflect some of my personal impressions during the Third 
Baltic Symposium on Marine Biology. 
Compared with the Second Symposium, an increase in international contacts 
between Baltic marine biologists was noticeable. This might be one of the best 
results of the Symposia themselves and of the working groups. 
The Symposium showed a concentration on synecological problems, with some 
trend towards ecosystem analysis. The increasing public interest in ecology and the 
political pressure for a Baltic pollution convention may have had an effect on the 
activities of biologists, and scientific progress in developing models has also played 
its role. In various places attempts are being made to put together old and new 
data and feed them into rough models. It was stressed in the discussions that mod-
elling is a too] to describe and simulate systems in part or in toto and to indicate 
priorities for the collection of data in the field and in laboratory experiments. 
The Symposium gave a good cross section of ecological work on three major 
levels. 
I. Experimental study of the physiological ecology of single specimens, at different 
development stages. 
1.1. Tolerance to specific environmental factors, including certain pollutants. 
1.2. Respiration, food conversion and reproduction under given environmental 
conditions have not yet received much attention at the level of the new multifac-
torial analysis, although it is realized that the interaction of temperature, salinity 
and light conditions, with pollution factors possibly superimposed, are of particular 
relevance for the application of laboratory experiments in the sea. There were re-
ports on remarkable progress in methods for measuring the metabolism of marine 
animals and plants for longer periods and under more natural conditions than pre-
viously. 
Studies in physiological ecology often require the rearing of key organisms. 
More efforts in this field will be required in the near future, whenever test organisms 
for pollution studies are needed. It may be suggested that the Baltic Marine Bio-
logists exchange information on organisms cultured in the various laboratories. 
The development of culture techniques is often more expensive and time-consuming 
than the construction of apparatus. Exchange of know-how on culture techniques, 
possibly the transfer of cultured organisms or even study visits to the place of the 
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culture, might be more efficient than the duplication of efforts for developing culture 
techniques at each laboratory separately. 
II. Studies of small populations or fractions of ecosystems in enclosed water bodies. 
Observations and experiments in plankton towers, cages, bell-jars and other 
artificial habitats may be considered to be the missing link between in-situ observations 
in natural habitats under uncontrolled conditions and laboratory experiments, 
which suffer from the almost insurmountable difficulty of keeping benthic or plankton 
communities in an aquarium. The work with plastic bags and sediment trays re-
ported during the Symposium is rather new, at least in the Baltic, and deserves 
close attention. Surely at our Fourth Symposium a series of reports will be given 
connecting the results of these experiments with ecosystem modelling. 
There should be some consensus between the various laboratories on the kind 
of experiments carried out by each of them. Some overlap is useful and necessary, 
but in view of the shortage of funds and manpower we should aim at keeping some 
balance between experiments on limiting factors, nutrient uptake, grazing, sedi-
mentation, etc. Furthermore an exchange of information on sensors and data-pro-
cessing is required. The effort involved in developing sensors for continuous moni-
toring of the environment and the output of data from those measurements is higher 
by several orders of magnitude than that required in earlier field observations and 
laboratory experiments.• 
III. Ecosystem studies and pollution research. 
Ecosystem studies aim at elucidating the regulatory mechanisms in ecosystems, 
their stability and the possible man-made effects on them. At present people are 
fascinated and frightened by mathematical and graphical modelling. 
Further progress can be expected in this field. No one believes that 0 d u m's 
mathematical language is the only final and complete way of describing ecosystems 
to an extent that permits full prediction. I feel, however, that we should use this 
approach for the next few years, partly because we should speak a common language. 
At the same time, we should keep our eyes open for improvements and new ap-
proaches. 
Studies in ecosystems and pollution have made it obvious to the biologist that 
his answers are inseparably linked to physics, chemistry and certain branches of 
geology. In those disciplines, willingness to collaborate with biologists is growing. 
The keen interest of sedimentologists in closer contacts with biologists has been 
appreciated. 
Working relations have to be optimized on the local and regional level, with-
out too much formality and administration. The question of holding joint sym- 
posia with other disciplines cannot be answered in a general way. Those interdis-
ciplinary events should be focused on very specific problems of particular common 
interest. Otherwise people like, for example, physicists tend to get bored by bio- 
354 
logical papers. The approach of inviting a few key speakers of neighbouring dis-
ciplines to the Baltic Biology Symposia is a means to ensure contacts and advice. 
The pollution convention for the Baltic will require a permanent scientific ad-
visory group. This fact might cause some confusion and competition between various 
international organizations and national institutions. It might also result in dis-
cussions on the role which the various disciplines of marine science may play in 
the research and control of pollution. 
We know that much good biological work is needed in this field and that it would 
be helpful if biologists had greater influence in shaping pollution policies. 
On the other hand, it became obvious during the Symposium that much better 
contacts are needed between biologists and chemists. It seems naive to believe that 
there are species or communities which are indicative of pollution in general. We 
know already that even sewage is not the same brew in all places and all seasons 
and that physical factors (silting, mud sedimentation, turbidity) play a role in addition 
to the chemical effects. We will be faced with the dilemma that quick answers to 
urgent questions are needed by the politicians but that we will soon lose the con-
fidence of the public if we do not base these answers on-sound ecological and chem-
ical knowledge. This should encourage us to develop international research prog-
rammes which are likely to produce answers to some of the key problems. The 
paper by the ICES-SCOR Working Group on Baltic pollution studies is the draft 
of such a programme. 
Participants in the Symposium have asked me to express our thanks to the Fin-
nish hosts and organizers. 
Nowadays, Finland is becoming a popular meeting place for politicians. Prob-
lems of European security and collaboration between all the countries bordering 
the Baltic are being discussed in Helsinki, and we are grateful to the Finnish Govern-
ment for its initiative in arranging for these contacts and negotiations. Those who 
attended the ICES meeting in autumn 1971 and the participants in this Symposium 
have seen that the Finnish authorities are also very able in providing excellent service 
and hospitality for scientific meetings of moderate size. 
At the same time, Finland's marine biologists demonstrated their high standards 
and broad approach to problems that were at least partly related to the Finnish 
IBP-PM project, which — by the way — is one of the strongest elements in the 
international IBP-PM programme and its successor in the MAB programme. 
To me, it was not a surprise that so many people attended the Symposium. This 
high participation reflects not only the scientific interest in the Symposium prog-
ramme but is also an indication of the attractiveness of Helsinki. None of us will 
forget the light midsummer nights and early mornings when we returned to our 
hotels or ships. The meeting place was well chosen, close to the harbour and Stock-
mann's department store. 
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The organization of the meeting was perfect. It was carefully planned and yet 
sufficiently flexible. Everyone was very patient with the foreign visitors. 
The female organizing team was very good — in all respects. We should like 
to thank each of them: Miss Monica Grotenfelt, Miss Anna-Clara Groundstroem, 
Miss Marita Grönfors, Miss Gun Jakobsson, Miss Gun-Britt Lindholm, Miss Gun-
Brith Oldenburg, Miss Raili Viitanen and Mrs. Karin Westerlund. 
Mr. Guy Hällfors was a lucky man to work with all these ladies. Therefore, 
it was not only nice, but also wise that Mrs. Seija Hällfors joined the group. No one 
could resist the girls when they asked us for the discussion notes. Some people 
may have spoken just for that reason. The projection of the slides was very good. 
We want to hire Mr. Ulf Eklund, to ensure that at all future Symposia no slides 
are upside down. 
The time-table and programme were extremely well designed and the excursion 
plans look very tempting. We are grateful for the invitation by Mr. Ilkka Viitasalo 
of the Water Conservation Laboratory and to Prof. Ernst Palmen and Dr. K. J. 
Purasjoki and other staff of Tvärminne. Let us thank the organization committee. 
Each of its members carried special responsibilities. 
Prof. Hans Luther 	 Dr. K. J. Purasjoki 
Mr. Guy Hällfors Dr. Rolf Kristoffersson 
Mr. Julius Lassig 	 Mr. Ilkka Viitasalo 
Prof. Sven Segerstråle 
Let us look confidently into the future and trust in the viability of Baltic Marine 
Biology as we go home full of new ideas and nice memories. Prof. Luther and his 
staff will be busy editing the proceedings volume and Dr. Zmudzinski will start 
preparing the Fourth Symposium. We are looking forward to reading the pro-
ceedings and to meeting again in Gdynia in 1975. 
I would now like to close by thanking Prof. Hans Luther; he was really a father 
to this meeting, and he is one of the fathers — a still very active one — of Baltic 
Marine Biology. 
15 June 1973 
Gotthilf Hempel 
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